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Beschreibung 

Die Erfindung betrifft ein Sperrwandler-Schaltnetz- 
teil nach dem Oberbegriff des Anspruchs 1 . 

An der Laststrecke des Halbleiterschaltelementes 
eines typischen Sperrwandler-Schaltnetzteiles fallt im 
eingeschwungenen Zustand eine Spannung in der Gro- 
Benordnung von etwa 700 Vab. Dies ist die sogenannte 
Sperrspannung in der Sperrphase des Sperrwandler- 
Schaltnetzteiles. Wahrend des Abschaltens des Halb- 
leiterschaltelementes erzeugt die in den Streuinduktivi- 
taten des Transformators gespeicherte Energie eine 
Spannungsspitze, die, wie aus der DE 35 02 324 A1, 
bekannt ist ; theoretisch unendlich groB werden kann 
und in der Praxis die erwahnte Sperrspannung deutlich 
Obersteigt. Es ist deshalb notwendig, das Halbleiter- 
sc hall element vor diesem Uberschwingern zu schut- 
zen. Dies ist insbesondere dann erforderlich, wenn es 
sich bei dem Halbleiterschaltelement urn einen MOS- 
Transistor handeil. Bei diesem Transistortyp stetgen 
namlich - unter der Voraussetzung vergleichbarer Chip- 
flache - der Einschaltwiderstand und die DurchlaBver- 
luste mit der Spannungsfestigkeit des Halbleiterschalt- 
elementes. 

Zur Reduzierung der Uberschwinger bzw. Abschalt- 
spannungen ist es bekannt parallel zum Halbleiter- 
schaltelement eine sogenannte Snubber-Schaltungan- 
zuordnen ; die entweder aus einem einzelnen Konden- 
sator Oder aus einem RC-Glied mit einer parallel zum 
Widerstand geschalteten Diode - vgl. DE 34 05 833 A1 
- besteht. Die mit diesen MaGnahmen erzielten Ergeb- 
nisse sind allerdings nicht in jedem Fall akzeptabel, weil 
die Kapazitat des dort verwendeten Kondensators ei- 
nen KompromiG zwischen einander widersprechenden 
Anforderungen erfullen muB. Mit zunehmender Kapazi- 
tat nimmt namlich einerseits die Dampf ungswirkung auf 
die Uberschwinger zu, andererseits steigen die Transi- 
storverluste im Einschaltmoment, weil der auf die Sperr- 
spannung aufgeladenen Kondensator mehr Energie 
speichert. 

Problematisch ist der Umstand, daB die Lastspan- 
nung des Halbleiterschaltelementes, d.h. die Drain- 
spannung bei einem MOS-Transistor bzw. die Kollektor- 
spannung bei einem Bipolartransistor, nach dem Entla- 
den der im Transformator gespeicherten Energie nur 
bedingt auf Null zuruckschwingt. Bei relativ groBen Ka- 
pazitaten in den erwahnten Snubber-Schaltungen ist 
ein Zuruckschwingen auf Null aberdringend notwendig, 
da im anderen Fall die im Kondensator noch gespei- 
cherte Restenergie im Halbleiterschaltelement in War- 
me umgewandelt wird. Dabei entstehen relativ groBe 
StoGstrdme fur das Halbleiterschaltelement, die dieses 
gefahrdet . 

Zur Losung dieses Problems muBte bisher auf der 
Primarseite des Transformators wahrend des Ruck- 
schwinges so viel Spannung induziert werden, daB die 
Energie des Kondensators in der Snubber-Schaftung 
zum Ruckschwingen ausreicht. Dies machte Trans isto- 



ren hoher Spannungsfestigkeit erforderlich, die nicht 
nur teuer sind, sondern auch wegen des groGeren 
Durchschaltwiderstandes eine hbhere Verlustleistung 
aufweisen. 

5 Es ist daher gewiinschL in Sperrwandler-Schaft- 
netzteilen Transistoren mit geringerer Spannungsfestig- 
keit als Halbleiterschaltelemente einsetzen zu konnen. 

Eine Losung dieses Problems besteht in der in der 
DE 35 02 324 A1 beschriebenen SchaltungsmaGnah- 

io me Diese SchaltungsmaBnahme sieht neben dem par- 
allel zur Laststrecke des Halbleiterschaltelementes ge- 
schalteten Kondensator einen weiteren Kondensator 
von der sich auf der Lastseite befindet und zwar parallel 
zur Last mit einem Abgriff zwischen der Sekundarwick- 

15 lung und dem Gleichrichter. Daruber hinaus ist ein ohm- 
scher Widerstand und eine dazu parallele Diode zwi- 
schen dem Halbleiterschaltelement und der Primar- 
wicklung eingefiigt. Diese Schutzschaltung sorgtfur ei- 
ne starke Dampf ung der Absch alt uberschwinger, wobei 

20 beim Einschalten die Verluste im Halbleiterschaltele- 
ment und die Stromstarken in dem Primarkreis des 
Sperrwandler-Schaltnetzteiles relativ gering sind. 

In der US-A-5 111 372 ist ein FluGwandler-Schalt- 
netzteil beschrieben, bei dem parallel zur Laststrecke 

25 des Schalttransistors ein erster Kondensator geschaltet 
ist und dazu parallel die Reihenschaltung eines weite- 
ren Kondensators mit einem weiteren Schalttransistor. 
Bei Abschalten des Lasttransistors wird der weitere 
Kondensator Ober eine parasitare Diode des weiteren 

30 Lasttransistors aufgeladen. Wahrend der Sperrphase 
des Lastschalttransistors wird dann der weitere Schalt- 
transistor eingeschaltet und anschlieBend wieder aus- 
geschaltet. Dadurch wird ein verlustleistungsarmes 
Schalten des Lastschalttransistors erreicht. 

35 Der Erfindung liegt die Aufgabe zugrunde, eine an- 
dere Mbglichkeit anzugeben, mit der Halbleiterschalt- 
elemente mit geringer Spannungsfestigkeit in Sperr- 
wandler-Schaltnetzteilen eingesetzt werden konnen, 
ohne daB diese uberhitzen. 

40 Diese Aufgabe wird bei einem Sperrwandler- 
Schaltnetzteil der eingangs genannten Art durch die 
kennzeichnenden Merkmale des Patentanspruchs 1 
gelost. 

Mit dieser Losung erhdht sich die negative Ruck- 
45 schwingamplitude so stark, daB die Lastspannung stets 
die Null-Linie durchlaufen kann, bevor das Halbleiter- 
schaltelement eingeschaltet wird. Auf diese Weise wird 
auch bei kleineren Lastspannungen, also kleineren 
Drain- bzw. Kollektor-Spannungen des Halbleiterschalt- 
50 elementes, ein spannungsloses Schalten durch das 
Halbleiterschaltelement ermoglicht. Es konnen damit 
preisgunstigere Transistoren geringerer Spannungsfe- 
stigkeit eingesetzt sowie Kosten und Energie gespart 
werden. 

55 Weiterbildungen der Erfindung sind Gegenstand 
der Unteranspruche. 

Als kapazitive Einrichtung konnen entweder ein 
Oder mehrere Kondensatoren oder aber eine bekannte 
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RCD-Schaltung vorgGsehen werden. Wesentlich bei 
der Erfindung ist lediglich, daB die Kapazitat in der ka- 
pazitiven Einrichtung veranderbar ist, und zwar derart, 
daft die Kapazitat dann kleiner gewahlt wird, wenn die 
an der Laststrecke des Halbleitterschaltelementes ab- 
fallende Spannung kleiner als die zu schaltende Gleich- 
spannung ist. Ist die abfallende Spannung dagegen gro- 
wer als die zu schaltende Spannung, so wird die Kapa- 
zitat der kapazitiven Einrichtung wieder auf den ur- 
sprunglichen Wert erhoht. Es hat sich dabei als zweck- 
maGig erwiesen, die Kapazitat so auszubilden, daG die 
Kapazitat zwischen zwei unterschiedlichen Werten, 
namlich einem groBeren und einem kleineren Wert, um- 
schaltbar ist. 

Dies kann beispielsweise dadurch erlolgen, daB die 
kapazitive Einrichtung zwei in Reihe geschaltete Kon- 
densatoren aufweist, und einer dieser Kondensatoren 
uber eine steuerbare Schalteinrichtung nach MaGgabe 
eines Steuersignafes kurzschlieGbar ist. Die steuerbare 
Schalteinrichtung wird dann vom Steuersignal immer 
dann eingeschaltet und dadurch der eine Kondensator 
kurzgeschlossen und somit die Kapazitat der kapaziti- 
ven Einrichtung erhoht, wenn die an der Laststrecke des 
Halbleiterschaltelementes abfallende Spannung groGer 
als die zu schaltende Gleichspannung ist. 

Eine andere Ausfuhrungsform der Erfindung sieht 
vor, daB die kapazitive Einrichtung zwei oder mehrere 
parallel zueinander angeordnete Kondensatoren auf- 
weist, an denen mindestens ein Kondensator in Reihe 
zu einer Schalteinrichtung liegt. Dies hat den Vorteil, 
daB dadurch an der Schalteinrichtung eine geringere 
Spannung anliegt, die geschaltet werden muG. Es kdn- 
nen daher Schalter mit geringerer Spannungsfestigkeit 
eingesetzt werden. Diese Schalteinrichtung wird nach 
MaGgabe eines Steuersignales immer dann einge- 
schaltet und somit die Kapazitat der kapazitiven Einrich- 
tung erhoht, wenn die an der Laststrecke des Halblei- 
terschaltelementes abfallende Spannung groGer als die 
zu schaltende Gleichspannung ist. 

In der Erfindung wird das Steuersignal aus einer Zu- 
satzwicklung vom Transformator gewonnen, die bei- 
spielsweise aus ein bis zwei Windungen besteht und zur 
Primarwicklung gegensinnig gepolt ist. Es kann jedoch 
auch eine bereits am Transformator vorhandene Wick- 
lung benutzt werden, sofern sie den benotigten Po- 
lungssinn aufweist. 

Die Erfindung wird im folgenden anhand von elf Fi- 
guren beispielhafl naher erlautert. Es zeigen: 

FIG 1 einen Ausschnitt der Schaltung eines be- 
kannten Sperrwandler-Schaltnetzteiles, bei dem als 
Snubberschaltung ein Kondensator parallel zum Halb- 
leiterschaltelement geschaltet ist. 

FIG 2 eine Darstellung wie in FIG 1, bei der als 
Snubberschaltung eine RCD-Beschaltung vorgesehen 
ist. 

FIG 3 den zeitlichen Verlauf der an der Laststrecke 
des Halbleiterschaltelementes in den FIG 1 bzw 2 ab- 
fallenden Spannung im Schaltbetrieb. 



FIG 4 einen Ausschnitt eines ersten Ausfuhrungs- 
beispieles einer erfindungsgemaBen Schaltungsanord- 
nung eines Sperrwandler-Schaltnetzteiles, bei dem ei- 
ne Kapazitat parallel zum Halbleiterschaltelement ge- 
5 schaltet und diese Kapazitat veranderbar ist. 

FIG 5 ein zweites AusfOhrungsbeispiel einer erfin- 
dungsgemaBen Schaltungsanordnung mit einer RCD- 
Beschaltung als Snubberschaltung, bei der die Kapazi- 
tat veranderbar ist. 
10 FIG 6 ein drittes AusfOhrungsbeispiel eines erfin- 
dungsgemaBen Sperrwandler-Schaltnetzteiles, bei 
dem zwei Kondensatoren in Reihe zum Halbleiter- 
schaltelement geschaltet sind und einer dieser Konden- 
satoren durch eine Schalteinrichtung OberbrOckbar ist. 
15 FIG 7 eine Darstellung ahnlich zu FIG 6, bei der als 
Snubberschaltung eine RCD-Schaltung vorgesehen ist, 
die in ihrer Kapazitat veranderbar ist. 

FIG 8 den zeitlichen Verlauf der in den FIG 4 bis 7 
gezeigten abfallenden Lastspannung. 
20 FIG 9 ein komplettes Schaltbild eines Sperrwand- 
ler-Schaltnetzteiles nach der Erfindung mit einem Bipo- 
lar-Transistor als Schalteinrichtung zum Verandern der 
Kapazitat der kapazitiven Einrichtung. 

FIG 10 die in dem in FIG 9 gezeigten Schaltnetzteil 
25 auftretenden Spannungen und Strome. 

FIG 11 ein zweites AusfOhrungsbeispiel eines 
Sperrwandler-Schaltnetzteiles nach der Erfindung mit 
einem MOS-Transistor als Schalteinrichtung zum Ver- 
andern der Kapazitat der kapazitiven Einrichtung.. 
30 In FIG 1 ist ein Ausschnitt eines bekannten Sperr- 
wandler-Schaltnetzteiles dargestellt, soweit es fur das 
Verstandnis der Erfindung erforderlich ist. Mit U N ist in 
der FIG eine gleichzurichtende Wechselspannung be- 
zeichnet, die uber eine der Einfachheit halber lediglich 
35 als Diode Dl dargestellteGleichrichtereinrichtung mit ei- 
nem Glattungskondensator C L in Verbindung stent. Der 
Glattungskondensator C L liegt dabei zwischen dem Ka- 
todenanschluG an der Diode Dl und Bezugspotential. 
An dem Verbindungspunkt der Diode Dl und dem Glat- 
40 tungskondensator C L ist eine Gleichspannung U c ab- 
greifbar. Der KatodenanschluG der Diode Dl ist uber ei- 
ne Primarwicklung n p eines Transformators TR mit der 
Laststrecke eines Halbleiterschaltelementes T1 in Ver- 
bindung. Im vorliegenden Beispiel ist als das Haibleiter- 
45 schaltelement T1 ein MOS-Transistor vorgesehen, des- 
sen SourceanschluB S auf Bezugspotential liegt und 
dessen DrainanschluG D mit einem zweiten AnschluG 
der Primarwicklung n P in Verbindung steht. Nach 
MaBgabe einer in der FIG 1 nicht dargestellten Steuer- 
50 schaltung schaltet das Halbleiter-schaltelement T1 die 
glelchgerichtete Spannung U c pulsweitenmoduliert an 
die Primarwicklung n P des Transformators TR. Zur 
Dampfung von dabei auftretenden Uberschwingern ist 
es bekannt, parallel zur Laststrecke D ; S des Halbleiter- 
55 schaltelementes T1 eine sogenannte Snubberschal- 
tung zu schatten. In diesem AusfOhrungsbeispiel ist als 
Snubberschaltung lediglich ein Kondensator C vorge- 
sehen, der parallel zur Laststrecke D, S des Halbleiter- 
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schaltelementes T1 geschaltet ist.Dieser Kondensator 
C kann beispielsweise eine Kapazitat von 100 pF bis 1 0 
nF betragen. 

In FIG 2 ist der Ausschnilt einer weiteren bekannten 
Schaltungsanordnung eines Sperrwandler-Schaltnetz- 
teiles dargestellt, das sich von der Schaltung in FIG 1 
tediglich dadurch unterscheidet, daG als Snubberschal- 
tung jetzt nicht nur ein parallel geschalteter Kondensa- 
tor, sondern eine RCD-Beschaltung vorgesehen ist. 
Dies© RCD-Beschaltung weist eine Serienschaltung ei- 
nes Kondensators C* mit einem Widerstand R*auf, wo- 
bei der Widerstand R* mit einem AnschluG auf Bezugs- 
potential liegt ; wahrend ein gegenuberliegender An- 
schluG mit einem AnschluG des Kondensators C* ver- 
bunden ist. Ein zweiter AnschluG dieses Kondensators 
C* ist an einen Verbindungspunkt der Primarwicklung 
n P des Transformators TR und des Drainanschlusses 
des Halbleiter-SchaltelementesTI angeschlossen. Der 
Kondensator C* kann wieder eine Kapazitat von 100 pF 
bis 10nF betragen, der Widerstand R* ist niederohmig 
(ungefahr 2 bis 20 Ohm ; die Diode D* muG nur entspre- 
chend spannungsfest sein. 

Die bekannten Schaltungsanordnungen in FIG 1 
und FIG 2 sind bisher bei Sperrwandler-Schaltnetzteilen 
zur Vermeidung von Oberschwingern bzw. zu deren 
Dampfung eingesetzt worden. Deren Funktionsweise 
stelrt sich so dar. Durch die Parallelkapazitat C bzw. die 
Kapazitat C* in der RCD-Beschaltung und eine Primar- 
induktivitat der Primarwicklung n p des Transformators 
TR bedingt, fuhrt die Lastspannung U D nach einem Ein- 
und Abschalten des Halbleiterschaltelementes T1 eine 
Schwingung aus, wie sie in FIG 3 dargestellt ist. Es ist 
zu erkennen, daG der Scheitelwert der am Halbleiter- 
schaltelement Tt abfallenden Spannung U D minde- 
stens doppelt so groG sein muG ; wie die zu schaltende 
Spannung U c , wenn die Lastspannung U D nach dem 
Ruckschwingen die Nullinie durchlaufen soli. Soli das 
Sperrwandler-Schaltnetzteil beispielsweise fur Netz- 
spannungen U N bis zu 265 V (Effektivwert) ausgelegt 
sein : so muG zur Erreichung eines Nulldurchganges der 
Lastspannung U D der Maximalwert von 

U D >U N . V2 -2 = 750V 

sein. Wird zusatzlich die Dampfung und eine mcgllche 
Sicherheitsreserve fOr das Halbleiterschaltelement T1 
vorgesehen, so muGte bisher ein Halbleiterschaltele- 
ment T1 mit einer Spannungsfestigkeit von etwa 1000 
V vorgesehen werden. 

GemaG der Erfindung wird dies vermieden, indem 
die Kapazitat der kapazitiven Einrichtung mindestens 
von einem ersten Wert auf einen kleineren zweiten Wert 
veranderbar ist, wenn die an der Laststrecke D, S des 
Halbleiterschaltelementes T1 abfallende Spannung U D 
kleiner als die Gleichspannung U c ist die geschaltet 
werden soil. Daruberhinaus ist esauch moglicir die Ka- 
pazitat dann zu verandern, wenn die Spannung U D et- 
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was groGer Oder etwas kleiner als die Spann ung U c ist. 

In den FIG 4 bis 7 sind Ausfuhrungsbeispiele ge- 
zeigt : die hierfur geeignet sind. FIG 4 unterscheidet sich 
in der Darstellung von FIG 1 dadurch, daG zusatzlich 

5 parallel zur Laststrecke D ; S des Halbleiterschaltele- 
mentes T1 ein weiterer Kondensator CC mit in Reihe 
geschalteter Schalteinrichtung SC geschaltet ist. Ist die 
Schalteinrichtung SC geschlossen : so liegt parallel zur 
Laststrecke D, Sdes Halbleiterschaltelementes T1 eine 

to groBere Kapazitat an, als wenn die Schalteinrichtung 
SC often ware. Diese Schalteinrichtung SC wird erfin- 
dungsgemaG immer dann eingeschalteL wenn die an 
der Laststrecke des Halbleiterschaltelementes T1 ab- 
fallende Spannung U D groGer als die zu schaltende 

is Spannung U c ist. 

Die Schaltungsanordnung in FIG 5 unterscheidet 
sich von der Anordnung in FIG 4 dadurch, daG dort eine 
RCD-Beschaltung als Snubber-Schaltung vorgesehen 
ist. Hierfur ist die in FIG 2 gezeigte RCD-Beschaltung 

20 mit dem Kondensator CV dem Widerstand R* mit par- 
allelgeschalteter Diode D* durch die Reihenschaltung 
eines Kondensators CC* mit in Reihe geschalteter 
Schalteinrichtung SC erweitert die zusammen parallel 
zum Kondensator C* liegen. Die Ansteuerung erfolgt 

25 unter der gleichen zeitlichen Bedingung, wie in der 
Schaltung von FIG 4, d. h. die Schalteinrichtung SC wird 
dann geschlossen, wenn die an der Laststrecke D : S 
des Halbleiterschaltelementes T1 abfallende Spannung 
U D groGer als die zu schaltende Gleichspannung U c ist. 

30 FIG 6 zeigt eine dritte mogliche Ausfuhrungsform 
der erfindungsgemaGen Schaltungsanordnung. Im Ge- 
gensatz zur Darstellung in FIG 4 sind die beiden Kon- 
densatoren C und CC nicht parallel zueinander, sondern 
in Serie zueinander geschaltet. Die Schalteinrichtung 

35 SC liegt parallel zu einem dieser Kondensatoren. Ist die 
Schalteinrichtung SC geschlossen, so ist die Gesamt- 
kapazitat dieser Kondensatoren C und CC groGer als 
wenn die Schalteinrichtung SC geoffnet ist. Die Schalt- 
einrichtung SC wird in der in FIG 6 gezeigten Schal- 

40 tungsanordnung daher auch immer dann geschlossen, 
wenn die an der Laststrecke D ; S des Halbleiterschalt- 
elementes D1 abfallende Spannung U D groGer als die 
zu schaltende Gleichspannung U c ist. 

In FIG 7 wird als Snubberschaltung wieder eine 

45 RCD-Beschaltung mit dem Kondensator C*, der Diode 
D* und dem Widerstand R* vorgesehen. Im Gegensatz 
zur Darstellung in FIG 2, ist jedoch zwischen den Kon- 
densator C* und der Parallelschaltung der Diode D* und 
dem Widerstand R* die Parallelschaltung eines Kon- 

50 densators CC* mit der Schalteinrichtung SC geschaltet. 
Diese Schalteinrichtung SC wird unter den gleichen 
zeitlichen Bedingungen wie im Zusammenhang mit den 
Figuren 4, 5 und 6 bereits erlautert, ein- und ausge- 
schaltet. 

55 Die Kondensatoren C und C* bzw. die geschalteten 
Kondensatoren CC und CC* sind folgendermaGen zu 
dimensionieren. Die geschalteten Kondensatoren CC 
und CC* sollten in ihrer Kapazitat gleich groG oder gro- 
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Ber als die nicht geschalteten Kondensatoren C und C* 
sein. Die Kondensatoren C und C* konnen dabei einer 
Kapazitat in der GroBenordnung von etwa 100 pF bis 
einige 100 nF aufweisen. 

Wird die Schalleinrichtung SC in den Beispielen der 
Figuren 4 bis 7 erfindungsgemaB immer dann geschlos- 
sen, wenn die Lastspannung U D groGer oder ungefahr 
groGer als die zu schaltende Gleichspannung U c ist, so 
ergibt sich der in FIG 8 dargestellte zeitliche Verlauf der 
Lastspannung U D . Die Spannung U D durchlauft die Null- 
linie £ obwohl deren Scheitelwert nur geringfugig U c 
ubersteigt. Immer wenn die Lastspannung U D kleiner 
als die zu schaltende Gleichspannung U c ist ; wird die 
Schalleinrichtung SC geoffnet und die Schwingfre- 
quenz des Sperrwandler-Schaltnetzteiles hoher, da als 
Schwingkre is kapazitat eine kleinere Kapazitat wirksam 
ist. Es ist deutlich in FIG 8 zu erkennen, daG die Span- 
nung U D die Nullinie durchlauft. dies ist erfindungsge- 
maB dann der Fall, wenn der zu schaltende Kondensa- 
tor CC oder CC* geniigend groB ist und das Windungs- 
verhaltnis von Primarwicklungen zu Sekundarwicklun- 
gen des Transformators TR geeignet gewahlt ist. Wird 
der Kondensator C bzw. C* und der zu schaltende Kon- 
densator CC bzw CC* gleich groB gewahlt, so muB das 
Windungsverhaltnis von Primarwicklung n P zu Sekun- 
darwicklung 1 N2 sein ; damit U D die Nullinie gerade er- 
reicht und somit gewahrleistet ist, daB das Halbleiter- 
schaltelementTI spannungsfrei einschalten kann. Dies 
gilt fur eine gewollte Spannungsubersetzung von 1:1 
zwischen Primar- und Sekundarseite des Transforma- 
tors TR. Die in FIG 8 schraffierten Flachen fur das Ein- 
schalten und Ausschalten sind gleich groB. Diese stel- 
len das Spannungs-Zeitprodukt dar. 

In FIG 9 ist ein Beispiel eines erfindungsgemaBen 
Sperrwandler-Schaltnetzteils im einzelnen dargestellt. 
Bis auf die im folgenden zu beschreibenden Unterschie- 
de : ist dieses Sperrwandler-Schaltnetzteil beispielswei- 
se in der Siemens-Produktinformation "Funktion und 
Anwendung des Sperrwandler-IC TDA 4605", Bestell- 
Nr. B111-B6090 zu entnehmen. 

Zusatzlich zu dieser bekannten Schaltungsanord- 
nung eines Sperrwandler-Schaltnetzteiles weist die in 
FIG 9 gezeigte Schaltung erfindungsgemaB eine weite- 
re primarseitige Wicklung n w auf, die beispielsweise le- 
diglich aus einer oder zwei Windungen besteht und ge- 
gensinnig zur Primarwicklung n p gepolt ist. Der jeweilige 
Polungssinn ist in FIG 9 durch einen Punkt an den Pri- 
mar- bzw. Sekundarwicklungen dargestellt. Diese wei- 
tere Wicklung n w ist mil einem AnschluB uber einen Wi- 
derstand R an einen BasisanschluB eines als Schaltein- 
richtung SC wirkenden Bipolartransistors angeschlos- 
sen. Ihr anderer AnschluB ist mit einem EmitteranschiuB 
dieses Bipoltransistors und andererseits Ciber einen 
Kondensator CC mit dem DrainanschluB des MOS- 
Transistors, der das Halbleiterschaltelement T1 ist, in 
Verbindung. Der KollektoranschluB des als Schaltein- 
richtung SC wirkenden Bipolartransistors Ist mit Be- 
zugspotential in Verbindung. Die Schalteinrichtung SC 
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besteht in diGsem Austuhrungsbeispiel also aus einem 
NPN-Transistor, einer zu dieser parallel geschalteten 
Inversdiode DS - die in den Transistor bereits integriert 
sein kann - und dem als Basisvorwiderstand wirkenden 

5 Widerstand R. Angesteuert wird dieser als Scharter wir- 
kenden Transistor aus der weiteren Wicklung n w des 
Transformators TR. Anstelle dieser Wicklung n w kann 
auch eine bererts am Transformator TR vorhandene 
Wicklung benutzt werdea sofern sie den entsprechen- 

io den Polungssinn aufweist. Die Diode DS leitet den in 
Gegenrichtung durch den Kondensator CC flieBenden 
Strom ab. Anstelle des NPN-Transistors fur die. Schalt- 
einrichtung SC kann selbstverstandlich auch ein PNP- 
Transistor verwendet werden ; sofern dessen Basisan- 

is schluB an den anderen AnschluB der weiteren Wicklung 
n w angeschlossen ist. 

Die Wirkungsweise dieses Sperrwandler-Schalt- 
netzteiles wird am besten anhand der zeitlichen Darstel- 
lung der in FIG 9 eingezeichneten Spannung und Stro- 
de me deutlich. Es bedeuten hierbei wieder U c die an die 
Primarwicklung n P vom Halbleiterschaltelement T1 zu 
schaltende Spannung, U D die am leiterschaitelement 
T1 abfallende Lastspannung, U w die Spannung an der 
weiteren Wicklung n w des Transformators TR U s eine 

25 an der Inversdiode DS der Schalteinrichtung SC abfal- 
lende Spannung, wobei deren Richtung durch den Pfeil 
in FIG 9 angezeigt ist, l L einen durch das Halbleiter- 
schaltelement T1 flieBenden Laststrom und l CP einen 
durch die Schalteinrichtung SC flieBenden Strom. 

30 Zum Zeitpunkt tO wird das Halbleiterschaltelement 
T1 nach MaBgabe von Steuersignalen der Steuerschal- 
tung IC, in der Darstellung von FIG 9 der integrierte 
Schaltkreis TDA 4605 von Siemens, abgeschaltet. Der 
Transformator TR ist auf ge laden und die Lastspannung 

35 u D steigt bis zum Zeitpunkt U wegen der im Transfor- 
mator TR gespeicherten hohen Energie steil an und er- 
reicht ein Potential das der zu schaltenden Spannung 
UC entspricht. Die Spannung UWan der weiteren Wick- 
lung nW des Transformators TR wird positiv und schal- 

40 tet die Schalteinrichtung SC durch, wodurch der Kon- 
densator CC parallel zum Kondensator C geschaltet 
wird und dadurch die Kapazitat der kapazitiven Einrich- 
tung der parallel zum Halbleiterschaltelement T1 ge- 
schalteten Snubberschaltung erhoht wird. Hierdurch 

^5 verlangsamt sich der Anstieg der Lastspannung U D et- 
was. Im Zeitpunkt t2 bleibt die Lastspannung U D auf 
gleichem Niveu und der Transformator TR beginnt sich 
auf der Sekundarseite wieder zu entladen. Die Entla- 
dung ist im Zeitpunkt t3 abgeschlossen. Zwischen den 

so Zeitpunkten 13 und 14 sinkt die Lastspannung U D zu- 
nachst langsam ab. Wahrend dieser Zeit erhalt der 
Transformator TR die notige Rucklaufenergie aus dem 
Kondensator CC, der durch die Schalteinrichtung SC 
hinzugeschaitet wurde. Im Zeitpunkt t4 wird die Span- 

55 nung U w negativ und die Schalteinrichtung SC abge- 
schaltet. Die Lastspannung U D sinkt beschleunigt ab 
und erreicht in Zeitpunkt 15 Null Volt. Zwischen den Zeit- 
punkten (5 und t6 flieBt ein Inversstrom l L durch die In- 
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VGrsdiode DS. Da das Halbleiterschaltelement T1 zum 
Zeitpunkt t5 durch die Steuerschaltung IC - nach 
MaGgabe eines Nulldurchgangserkennungssignales - 
wieder eingeschaltet wird, bleibt die Lastspannung U D 
auf Null Volt und der Laststrom l L wird zum Zeitpunkt t6 
wieder positiv. Der Transformator TR ladt sich auf, bis 
im neuen Zeitpunkt tO das Halbleiterschaltelement T1 
durch die Steuerschaltung IC wieder abgeschaltet wird 
und ein neuer Zyklus beginnt. 

Im ubrigen kann das Nulldurchgangserkennungssi- 
gnalfurdie Steuerschaltung IC exaktausder Lastspan- 
nung U D selbst abgeleitet warden, da die Lastspannung 
U D stets die Nullinie kreuzt. 

In FIG 1 1 ist ein weiteres Beispiel eines erfindungs- 
gemaGen Schaltnetzteiles dargestellt. Diese Schal- 
tungsanordnung unterscheidet sich von der in FIG 9 
dargestellten lediglich dadurch, daG als Schalteinrich- 
tung SC jetzt ein MOS-Transistor eingesetzt wird. Die- 
ser MOS-Transistor ist mit seinem GateanschluG G und 
mit seinem SourceanschluG S an die weitere Wicklung 
n w in der in FIG 11 gezeigten Weise angeschlossen. 
Der DrainanschluG D des MOS-Transistors der Schait- 
einrichtung SC ist mit Bezugspotential verbunden und 
parallel zu dieser Schalteinrichtung SC wieder eine In- 
versdiode DS geschaltet. Daruber hinaus kann bei die- 
ser Ausfuhrungsforrn auf den Vorwiderstand R im Ver- 
gleich zum Bipolartransistor verzichtet werden. Im ubri- 
gen unterscheidet sich die Schaltungsanordnung von 
FIG 1 1 nlcht von der Schaltungsanordnung in FIG 9. Die 
Verlaufe der einzelnen Signale entsprechen auch dem 
Verlauf in FIG 10. 



Patentanspruche 

1. Sperrwandler-Schaltnetzteil mit einem eine Last- 
strecke (D,S) aufweisenden Halbleiterschartele- 
ment (T1) ; das zum getakteten Anlegen einer 
Gleichspannung (U c ) an eine erste Primarwicklung 
(n p ) eines Transformators (TR) mit einem AnschluG 
der Primarwicklung (n p ) verbunden ist, an deren an- 
deren AnschluB die Gleichspannung (U c ) anlegbar 
isl, mit einer Steuereinrichtung (IC) zum Ansteuern 
des Halbleiter-schaltelementes (T1 ) sowie mrt einer 
parallel zur Laststrecke, (D, S) desHalbleiterschalt- 
elemenies (T1) geschalteten kapazitiven Einrich- 
tung (C; D*. R* C*) 
dadurch gekennzeichnet, daft 
die Kapazitat der kapazitiven Einrichtung (C; D*, R* ; 
C*) in einen ersten kleineren Wert und einen zwei- 
ten groGeren Wert schaltbar ist daG eine mit der 
ersten Primarwicklung (n p ) gekopperte weitere 
Wicklung (n w ) vorgesehen ist, durch die veranlaGt 
wird, daG die Kapazitat der kapazitiven Einrichtung 
(C; D*, R*. C*) vom ersten Wert auf den zweiten 
Wert geschaltet wird, wenn eine an der Laststrecke 
(D, S) des Halbleiter-schaltelementes (T1 ) abfallen- 
de Spannung (U D ) mindestens annahernd groGer 



als die Gleichspannung (U c ) ist, und vom zweiten 
Wert auf den ersten Wert geschaltet wird ; wenn die 
an der Laststrecke (D, S) des Halbleiterschaftele- 
ments (T1) abfallende Spannung (U c ) mindestens 
5 annahernd kleiner als die Gleichspannung (U c ) ist 

2. Sperrwandler-Schaltnetzteil nach Anspruch 1, 
dadurch gekennzeichnet, 

dal3 die kapazitive Einrichtung (C; D* R*, C*) ein 
to Kondensator (C) ist. 

3. Sperrwandler-Schaltnetzteil nach Anspruch 1 : 
dadurch gekennzeichnet, 

daG die kapazitive Einrichtung (C; D* R*. C*) die 
15 Reihenschaltung eines Kondensators (C*) mit einer 
Parallelschaltung einer Diode (D*) und einem Wi- 
derstand (R*) ist. 

4. Sperrwandler-Schaltnetzteil nach einem der An- 
20 spruche 1 bis 3 ; 

dadurch gekennzeichnet, 
daG die kapazitive Einrichtung (C; D* : R*, C*) min- 
destens zwei in Reihe geschaltete Kondensatoren 
(C, CC) aufweist und daG einer dieser Kondensa- 
2S toren (CC) uber eine von der weiteren Wicklung 
(nw) gesteuerte Schalteinrichtung (SC) kurz- 
schlieBbar ist. 

5. Sperrwandler-Schaltnetzteil nach einem der An- 
30 spruche 1 bis 4. 

dadurch gekennzeichnet, 
daG die kapazitive Einrichtung (C; D* : R*, C*) min- 
destens zwei zueinander parallel geschaltete Kon- 
densatoren (C, CC) aufweist wobei mindestens ei- 
35 ner dieser Kondensatoren uber eine von der weite- 
ren Wicklung (n w ) gesteuerte zweite Schalteinrich- 
tung (SC) abklemmbar ist. 



40 Claims 

1. Flyback converter switched-mode power supply 
with a semiconductor switching element (T1 ) which 
has a load section (D, S) and, for the purpose ol the 

45 clocked appliance of a DC voltage (U c ), is connect- 
ed to a first primary winding (n p ) of a transformer 
(TR) by means of one terminal of the primary wind- 
ing (n p ) ; at whose other terminal the DC voltage 
(U c ) can be applied, with a control device (IC) for 

50 driving the semiconductor switching element (T1), 
and with a capacitive device (C; D*, R* : C*) con- 
nected in parallel with the load section (D, S) of the 
semiconductor switching element (T1) : character- 
ized in that the capacitance of the capacitive device 

55 (C; D*, R*, C*) can be switched to a first, smaller 
value and a second, larger value, in that provision 
is made of a further winding (n w ) ; which is coupled 
to the first primary winding (n p ) and which causes 
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the capacitance of the capacity device (C; D*, R\ 
C*) to be switched from the first value to the second 
value when a voltage (U D ) dropping across the load 
section (D, S) of the semiconductor switching ele- 
ment (T1) is at least approximately larger than the 
DC voltage (U c ), and to be switched from the sec- 
ond to the first value when the voltage (U c ) dropping 
across the load section (D, S) of the semiconductor 
switching element (T1) is at least approximately 
smaller than the DC voltage (U c ). 

2. Flyback converter switched-mode power supply ac- 
cording to Claim 1 , characterized in that the capac- 
itive device (C; D*, R* C*) is a capacitor (C). 

3. Flyback converter switched-mode power supply ac- 
cording to Claim 1 , characterized in that the capac- 
itive device (C; D* R* C*) is a series circuit of a 
capacitor (C*) with a parallel circuit of a diode (D*) 
and a resistor (R*). 

4. Flyback converte r switched-mode power supply ac- 
cording to one of Claims 1 to 3, characterized in that 
the capacitive device (C; D*, R* ; C*) has at least two 
series-connected capacitors (C : CC) : and in that 
one ol the capacitors (CC) can be short circuited via 
a switching device (SC) controlled by the further 
winding 

5. Flyback converter switched-mode power supply ac- 
cording to one of Claims 1 to 4, characterized in that 
the capacitive device (C; D\ R* : C*) has at least two 
capacitors (C, CC) connected in parallel with one 
another it being possible to disconnect at least one 
of these capacitors via a second switching device 
(SC) controlled by the further winding (n w ). 



Revendications 

1 . Alimentation a decoupage a accumulation compor- 
tant un element (T1 ) de commutation a semicon- 
ducteur, qui comporte une section (D, S) de charge 
qui est reliee, pour I'application cadenceed'une ten- 
sion (U c ) continue a un premier enroulement pri- 
maire (n p ) d'un transformateur (TR), a une borne de 
I'enroulement primaire (n p ), a I'autre borne duquel 
peut etre appliquee la tension continue (U c ), un dis- 
positif (IC) de commande pour la commande de 
I'element (T1) de commutation a semiconducteur 
ainsi qu'a un dispositif (C ; D* t R", C*) capacitif bran- 
che en parallele avec la section de charge (D : S) de 
I'elemenl (T1) de commutation a semiconducteur, 
caracterisee en ce que 

une premiere valeur petite et une seconde valeur 
plus grande de la capacite du dispositif capacitif (C; 
D*, R*. C*) peut etre branchee, il est prevu un en- 
roulement supplementaire (n w ) couple au premier 



enroulement primaire (n p ) ; qui fait que la capacite 
du dispositif capacitif (C ; D*, R*. C*) est branchee 
de la premiere valeur a la seconde valeur, lorsque 
qu'une chute de tension (U D ) sur la section de char- 

5 ge (D : S) de I'element (T1 ) de commutation a semi- 
conducteur est plus grande, au moins approxirnati- 
vement, que la tension continue (U c ) et que la ca- 
pacite du dispositif capacitif (C ; D*, R\ C*) passe 
de la seconde valeur a la premiere valeur, lorsque 

io la chute de tension (U c ) sur la section (D, S) de 
charge de I'element (T1) de commutation a semi- 
conducteur est plus petite, au moins approximati- 
vement, que la tension continue (U c ). 

f£ 2. Alimentation a decoupage a accumulation suivant 
la revendication 1 , 
caracterisee en ce que 

le dispositif capacitif (C ; D* ; R* C*) est un conden- 
sates (C). 

20 

3. Alimentation a decoupage a accumulation suivant 
la revendication 1 , 

caracterisee en ce que 

le dispositif capacitif (C ; D*, R*, C*) est le circuit- 
's serie d'un transformateur (C*) et d'un circuit paral- 
lele constitue d'une diode (D*) et d'une resistance 
(FT) 

4. Alimentation a decoupage a accumulation suivant 
30 Tune des revendications 1 a 3 ; 

caracterisee en ce que 

le dispositif capacitif (C ; D*, R*\ C*) comporte au 
moins deuxcondensateurs (C : CC) branches en se- 
rie, et I'un de ces condensateurs (CC) peut etre 
35 court-circuits par PintermSdiaire d'un dispositif (SC) 
^interruption commande par I'enroulement supple- 
mentaire (r^). 

5. Alimentation a decoupage a accumulation suivant 
^o rune des revendications 1 a 4 ; 

caracterisee en ce que 

le dispositif capacitif (C ; D* t R*. C + ) comporte au 
moins deux condensateurs (C, CC) branches en 
parallele entre eux, au moins I'un de ces conden- 
4$ sateurs pouvant etre debranche par I'intermediaire 
d'un second dispositif (SC) d'interruption comman- 
de par I'enroulement supplementaire (n w ). 

50 
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FIG 4 
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Description 
Technical Field 

5 [0001] This invention is useful in the field of drugs. More specifically, the novel substituted heteroaromatic ring de- 
rivatives of the invention are useful as therapeutic or prophylactic agents of various diseases of the respiratory, urinary 
and gastrointestinal systems. In particular, the compounds of the present invention do not affect other organs such as 
the brain and heart, although they exhibit potent bronchodilating and bladder contractions ppressing actions. Hence 
they are useful as therapeutic or prophylactic agents of respiratory diseases such as asthma, chronic airway obstruction 

10 and pulmonary fibrosis, etc.; urinary diseases which induce such urination disorders as pollakiurea, urgency and urinary 
incontinence, etc.; and gastrointestinal diseases such as irritable bowel syndrome, spasm of gastrointestinal tract and 
gastrointestinal hyperkinesis. 

Background Art 

15 

[0002] Compounds having antagonism to muscarinic receptors are known to cause bronchodilation, gastrointestinal 
hypanakinesis, gastric hyposecretion, dry mouth : mydriasis, suppression of bladder contraction, hypohidrosis, tachy- 
cardia and the like [cf. Sej^noj<a^aku (biochemistry), Vol. 42, p. 381 (1991)]. 

[0003] There are threesubtypes of muscarinic receptors: M 1 receptors are present mainly in the brain, M 2 receptors, 
20 mainly iri the heart and M 3 receptors, on smooth muscles and glandular tissues. While a large number of compounds 
having antagonism to muscarinic receptors became known to date, those known compounds non -selectively antago- 
nize the three subtypes of muscarinic receptors. Hence, attempts to use these compounds as therapeutic or prophy- 
lactic agents for diseases of the respiratory system have caused undesirable side effects such as tachycardia, dry 
mouth, nausea and mydriasis. In particular side effects associated with the heart such as tachycardia induced by M 2 
25 receptors pose problems, and their Improvement has been in strong demand. 

[0004] Sugai et al. (Chem. Pharm. Bull. 32(3) 967-976 (1 984)) have synthesised various derivatives of 4-acyloxy-1 - 
(1 ,3-dioxolan-4-ylmethyl)piperidine and examined their spasmolytic activities. Some of them showed remarkable pa- 
paverine-like anchor atropine-like activities. The introduction of lipophilic substituents on the dioxolane moiety increased 
the papaverine-like activity. 

30 [0005] According to Sugai et al. (Chem. Pharm. Bull. 32(3) 977-985 (1 984)), the quaternization of 4-acyloxy-1 -(1 ,3-di- 
oxolan-4-ylmethyl)piperidine derivatives with methyl bromide afforded two diastereoisomers in equal amounts. The 
stereochemistry of these compounds was determined from the chemical shift of the N-methyl signals in the proton 
nuclear magnetic resonance ( 1 H-NMR) spectra. The quaternary salts showed high anticholinergic activities. The trans 
isomers tended to be more potent than the corresponding ds isomers. 

35 [0006] Sugai et al. (Chem. Pharm. Bull. 32(3) 1126-1134 (1984)) have synthesised various derivatives of 4-acyloxy- 
1-(1,3-dioxolan-2-ylmethyl)piperadines and their quaternary salts and tested them for anticholinergic activities. The 
plperadine derivatives exhibit moderate activities. Among the quaternary salts, the frans-lsomers were always more 
active than the corresponding c/s-isomers. 

[0007] EP 0 751 1 27, which forms part of the state of the art within the meaning of article 54(3) and (4) E PC, discloses 
40 a substituted piperidine derivative represented by the following general formula (1) 



45 




wherein R 1 means an aryl or heteroaryl group which may have at least one substltuent, R 2 denotes an alkyl, alkenyl 
or aralkyl group, R 3 stands for a hydrogen atom or an alkyl group, and R 4 is a hydrogen atom, an alkyl group, or an 
55 aryl, heteroaryl, aralkyl, aralkenyl or heteroaralkyl group which may have at least one substituent, or a salt thereof. A 
medicine Including this compound Is also disclosed. The compound has excellent anticholinergic effect and calcium 
antagonism and inhibits reflex bladder contraction and is hence useful for prophylaxis of and treatment for a urinary 
disturbance such as pollajciurfa. 
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Disclosure of the Invention 

[0008] We have conducted concentrative research work on compounds which exhibit antagonism selective for M 3 
muscarinic receptors, and have discovered that substituted heteroaromatic ring derivatives which are represented by 
formula [I] below: 



[in the formula, R 1 and R 2 may be same or different and each signifies hydrogen, halogen or lower alkyl; R 3 
signifies C 3 -C 6 cycloalkyl or cycloalkenyl; R 4 signifies a heteroaromatic ring group which may be condensed with ben- 
zene ring and which has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms 
(said heteroaromatic ring group being optionally substituted with lower alkyl, halogen, lower alkoxy, amino or hy- 
droxymethyl); and X stands for 0 or NH] 

are novel compounds never before described in literature and exhibit antagonism selective for M 3 muscarinic receptors; 
and that they are useful as safe and effective therapeutic or prophylactic agents exhibiting little side effects, of respi- 
ratory diseases such as asthma, chronic airway obstruction and pulmonary fibrosis, etc., urinary diseases which Indue 
urination disorders such as pollakiurea, urgency and urinary incontinence s etc., and gastrointestinal diseases such as 
irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis. The present invention is 
thus completed. 

[0009] Accordingly, therefore, the present invention relates to the substituted heteroaromatic ring derivatives which 
are represented by the general formula [I] and their pharmaceutically acceptable salts; their production processes and 
their use. 

[0010] Definitions of terms used in this specification are explained hereinafter. 
[0011] Halogen denotes fluorine, chlorine, bromine and iodine atoms. 

[0012] Lower alky! denotes C r C 6 linear or branched alkyl groups, eg., methyl, ethyl, propyl, isopropyl, butyl, sec- 
butyl. t-butyl : pentyl, isopentyL hexyl and isohexyi. 

[0013] Examples of C 3 -C 6 cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups. 
[0014] Examples of C 3 -C 6 cycloalkenyl include cyclopropenyl. cyclobutenyl, cyclopentenyl and cyclohexenyl groups. 
[0015] Lower alkoxy denotes C r C 6 linear or branched alkoxy groups, eg., methoxy, ethoxy, propoxy isopropoxy, 
butoxy, sec-butoxy, t-butoxy, pentyloxy, isopentyloxy, hexyloxy and isohexyloxy groups, etc. 

[0016] Lower alkoxycarbonyl denotes Cg-Cy linear or branched alkoxycarbonyl groups, eg.,methoxycarbonyl, ethox- 
ycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, sec-butoxycarbonyl, t-butoxycarbonyl, pentyloxy- 
carbonyl, Isopentyloxycarbonyl. hexyloxycarbonyl and isohexyloxycarbonyl groups, etc. 

[0017] Aralkyloxycarbonyl denotes C 7 -C 10 aralkyloxycarbonyl groups, eg., benzyloxycarbonyl and phenetyloxycar- 
bonyl groups, etc. 

[0018] Protected hydroxyl and amino signify hydroxyl and amino groups which are protected with conventionally 
used protective groups such as acyl, etc. 

[0019] Also deprotection signifies removai of protective groups by ihe means conventionally used In the field of 
organic chemistry, such as hydrolysis, hydrogenolysis and the like. 

[0020] A heteroaromatic ring group which may be condensed with a benzene ring and which has 1 or 2 hetero atoms 
selected from a group consisting of nftrogen, oxygen and suffur atoms (said heteroaromatic ring group being optionally 
substituted with lower alkyl, halogen, lower alkoxy, amino or hydroxymethyl) signifies, eg., 2-pyridyl, 3-pyridyl, 4-pyridyl, 

2- thiazoIyl s 2-thienyl, 3-thienyl, 1-imidazoIyl, 2-imidazolyl, 3-imidazolyl, 4-imidazolyl, 3-pyrazolyl, 5-pyrazolyl, 2-furyL 

3- furyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyrimidinyl, 4-pyrimidinyl, b-pyrimidinyl, 2-pyrazinyl, 3-pyridazinyl, 4-pyridazinyl, 2-qui- 
nolinyl, 2-benzothienyl and 2-indolyl groups; which are optionally substituted with lower alkyl, lower alkoxy, amino or 
hydroxymethyl group. 

[0021] For concretely explaining the present invention, furthermore, signification of each of the symbols used in the 
general formula [I] below: 



R 2 
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[I] 



and their preferred examples are shown in the following. 

[0022] R 1 and R 2 may be same or different and each signifies hydrogen, halogen or lower alkyl, where halogen 
signifies fluorine, chlorine, bromine or iodine atom: lower alkyl signifies C^-C 6 linear or branched alkyl groups, for 
example, methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, pentyl, isopentyl, hexyl and isohexyl groups : etc. Of 
those, hydrogen Is preferred as R 1 and R 2 . 

[0023] R 3 signifies C^-Cg cycloalkyl or cycloalkenyl, wherein examples of C 3 -C 6 cycloalkyl include, for example, 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups, and examples of C 3 -C 6 cycloalkenyl include, for example, 
cyclopropenyl, cyclobutenyl cyclopentenyl and cyclohexenyl. Of those, a cycloalkyl group is preferred as R 3 . in par- 
ticular, cyclopentyl is preferred. 

[0024] R 4 signifies a heteroaromatic ring group which may be condensed with a benzene ring and which has 1 or 2 
hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic ring group 
being optionally substituted with lower alkyl, halogen, lower alkoxy, amino or hydroxymethyl), specific examples in- 
cluding 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thlazolyl, 2-thlenyl, 3-thienyl, 1-fmidazolyl, 2-lmldazolyl, 3-imldazolyl, 4-imida- 
zolyl, 3-pyrazolyl, 5-pyrazolyl, 2-furyl, 3-furyL 2-pyrrolyl, 3-pyrrolyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazi- 
nyl, 3-pyridazlnyt, 4-pyridazinyl, 2-qulnollnyl, 2-benzothienyl and 2-indolyl groups; which are optionally substituted with 
lower alkyl, halogen, lower alkoxy, amino or hydroxymethyl. Of those, 2-pyridyl group substituted with lower alkyl, 
halogen, amino or hydroxymethyl, in particular, lower alkyl-substituted 2-pyridyl, inter alia 6-methyl-2-pyridyl group, is 
preferred. 

[0025] X stands for 0 or. NH, NH being the preferred. 

[0026] The compounds of the present invention include optically active compounds, and their racemates. 
[0027] Pharmaceutical^ acceptable salts of compounds of the general formula [I] signify those customary ones which 
are pharmaceutical^ acceptable. Examples of such acid addition salts include inorganic acid salts such as hydrochlo- 
rides, sulfates, nitrates, phosphates and perchlorates: organic acid salts such as maleates, fumarates, tartrates, citrates 
and ascorbates; sulfonic acid salts such as methanesulfonates, isethionates, benzenesulfonates and p-toluenesul- 
fonates; and the like. 

[0028] Next, production processes of the compounds of the present invention are explained. 
[0029] Starting compounds to be used in the present invention are readily available or can be prepared by purchasing 
marketed products or by processing known starting materials following methods disclosed in literature [cf. Rzeszotarski. 
et al., J. Med. Chem ., Vol. 25, pp. 1103-1106 (1982), etc.] 

[0030] Compounds of the general formula [I] can be prepared from starting compounds [III] following, for example; 
the reaction scheme illustrated below.* - ■ 
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SCHEME 1 




HX— ()tfP , condensing R^ 
V_/ agent ^ir 



-C0OH 



agent R 
CV] if necessary, base 



1. HX-/ NCHg R*>, condensing" 

> — ' agent 
CXj if necessary, base 

2. if necessary, conversion 
of functional group 





R 3 [VI) 
deprotection 



1. R«a%LCvn].base 
or R^CHO 0X3, reduction 

2. if necessary, conversion 
of functional group 



HO T H -X— / NCifcR 4 

R 3 W 
DO 



[in the formula, R 1 , R 2 , R 3 and R 4 have the previously given significations; R 40 signifies a heteroaromatic ring group 
which may be condensed with a benzene ring and which has 1 or 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur atoms (said heteroaromatic ring group being optionally substituted with lower alkyl, halogen, 
lower alkoxy, amino, protected amino, hydroxymethyl, protected hydroxymethyl, lower alkoxycarbonyl or aralkyloxy- 
carbonyl); P signifies a protective group of imino; P 1 signifies hydrogen or a protective group of hydroxyl; L signifies a 
leaving group; and conversion of functional group signifies deprotection and/or reduction of lower alkoxycarbonyl or 
aralkyloxycarbonyl group to hydroxymethyl or conversion to amino]. 

[0031] The carboxylic acids represented by the general formula [III] can be readily prepared following, for example, 
S. B. Kadin, et al.'s method [J. Org. Chem ., Vol. 27, pp. 240-245 (1962)]. 

[0032] The condensation reaction between a carboxylic acid of the general formula (III) with a protected piperldine 
derivative of the general formula [V] is conducted using generally approximately the equivalents of the reactants. If 
necessary, it is permissible to use either one of the reactants in excess. Again if necessary, ihe reaction can be con- 
ducted in the presence of a base. As condensing agents, those generally used in organic synthetic chemistry such as, 
for example, N.N^dteyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, diphenylphosphoryl 
azide, dipyridyldisulfide-triphenylphosphine, etc. are used. In particular. 1-ethyl-3-(3-dimethylaminopropyl)carbodiim- 
ide, etc. are preferred. 

[0033] Said condensation reaction is preferably conducted using a solvent which is inert to the reaction. Examples 
of organic solvents useful for the occasion include diethyl ether, tetrahydroiuran, N,N-dimethylformamide, dioxane, 
benzene, toluene, chlorobenzene, methylene chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroeth- 
ylene and mixtures thereof. In particular, tetrahydrofuran, N,N-dimethylforrnamide and dioxane, etc. are preferred. 
[0034] As bases used when the occasions demand, for example, aromatic amines such as pyridine, 4-dimethylami- 
nopyridlne, picoline, lutidine, quinoline, isoquinoline, etc. can be named. In particular. 4-dimethylamlnopyridine is pre- 
ferred. 

[0035] The reaction temperature usually ranges from -70 Q C to boiling point of the solvent used in the reaction, pref- 
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erably between -20°C and 100°C. 

[0036] The reaction time usually ranges from 5 minutes to 7 days, preferably between 10 minutes and 24 hours. 
[0037] The coupling reaction of a carboxylic acid of the general formula (III) with a protected piperidine derivative of 
the general formula [V] can be conducted also by first converting the carboxylic acid expressed by the general formula 

5 [III] to a reactive derivative and then reacting the same with a protected piperidine derivative ot the general formula 
[V]. As such reactive derivatives, those generally used in organic synthetic chemistry such as mixed acid anhydrides, 
activated esters, eg., N-hydroxysuccinimide ester, etc. and activated amides eg., imidazolide, etc. may be named. 
[0038] The reaction is generally conducted In an aprotonlc solvent. Examples ot useful. solvent include halogenated 
hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane : trichloroethylene t etc.; 

10 ethers such as ethyl ether tetrahydrofuran, dioxane, etc.; aromatic hydrocarbons such as benzene, toluene, chloroben- 
zene, xylene, etc.; aprotonic polar solvents such as dimethylformamide, acetonitrile, ethyl acetate, hexamethylphos- 
phoric triamide, etc.; and their mixtures. 

[0039] The reaction temperature usually ranges from -70°C to boiling point of the solvent used in the reaction, pref- 
erably between -20°C and 100°C. 

15 [0040] The reaction time usually ranges from 5 minutes to 7 days, preferably between 1 0 minutes and 24 hours. 
[0041] For smooth progress, the above reaction may be conducted in the presence of a base. 
[0042] As the bases, for example, organic bases such as triethylamine. N-ethyldiisopropylamine, pyridine, 4-dimeth- 
ylaminopyridine, N,N-dimethylaniline, 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and 1 : 5-diazabicyclo-[4.3.0]non- 
5-ene (DBN), etc. may be named, in particular, 4-dimethylaminopyridine being preferred. 

20 [0043] The amount of use of the base ranges from one mole to a molar excess, preferably 1 to 5 moles, per mole 
of a reactive derivatives of a carboxylic acid of the general formula [III]. 

[0044] Mixed acid anhydrides of compounds ot the general formula [III] can be obtained, for example, by reacting 
the compounds with an alkyl chlorocarbonate, e.g., ethyl chlorocarbonate, an aliphatic carboxylic acid chloride, e.g., 
acetyl chloride, pivaloyl chloride or the like. 

25 [0045] Activated esters of compounds of the general formula [III] can be obtained by reacting a carboxylic acid of 
formula [III] with an N-hydroxy compound, e.g., N-hydroxysuccinimide, N-hydroxyphthalimide or t-hydroxybenzotria- 
zole; or a phenol compound, e.g., 4-nitrophenol, 2,4-dinitrophenol, 2,4,5-trichlorophenol, pentachlorophenol or the tike; 
in the presence of a condensing agent, e.g., N,N'-dicyclohexy1carbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbo- 
diimide ! diphenylphosphoryl azide or dipyridyl disulfide-triphenylphosphine, according to conventional method. 

so [0046] Activated amides of compounds of the general formula [III] can be obtained by reacting a carboxylic acid of 
formula [III] with 1 ,1'-carbonyldiimidazole, 1 ,1'-carbonylbis(2-methylimidazole) or the like according to conventional 
method. 

[0047] In particular, when X in the general formula [V] is 0, it is also possible to make a compound of the formula [VI] 
through an ordinary ester-exchange reaction between a lower alkyl ester of a carboxylic acid of the general formula 

35 [Hi] and an alcohol of the general formula [V]. 

[0048] A lower alkyl ester of a compound of the general formula [III] is obtainable by accepted methods, eg., by 
reacting a carboxylic acid of the general formula [III] with an excess of lower alcohol in the presence of an acid catalyst, 
or by using an esterification reagent such as diazomethane, trim ethyls ily I- diazomethane or the like. 
[0049] The ester-exchange reaction between a lower alkyl ester of a compound of the general formula [HI] and a 

to compound of the genera! formula [V] in which X is 0 is conducted following, eg., RzeszotarskL et al. 's method [ Journal 
of Medicinal Chemistry , Vol. 25 t 1103-1106 (1982)1 or the like. 

[0050] Compounds represented by the general formula [VIII] can be derived by removal of imino-protective groups 
in compounds of the general formula [VI]. Useful imino-protective groups include aralkyl groups such as benzyl, p- 
methoxybenzyl, p-nitrobenzyl, benzhydryl and trityl; lower alkanoyl groups such as formyl. acetyl and propionyl; aryl- 

45 alkanoyl groups such as phenylacetyl and phenoxy acetyl; lower alkoxycarbonyl groups such as methoxycarbonyl, 
ethoxycarbonyl and t-butoxycarbonyl: alkenyloxycarbonyl groups such as 2-propenyloxycarbonyl: aralkyloxycarbonyl 
groups such as benzyloxycarbonyi and p-nitrobenzyloxycarbonyl: and lower alkylsilyl groups such as trimethylsilyl and 
t-butyldimethylsilyl, etc. In particular, t-butoxycarbonyl, benzyloxycarbonyi and the like are preferred. 
[0051] Deprotection method of Imino-protective groups differs depending on their kinds, and is conducted by the 

so means following known method [cf. Protective Groups in Organic Synthesis . T.W. Greene, John Wiley & Sons Co. 
(1981)] or methods analogous thereto, for example, using acid or base, or by reducing means such as reduction using 
a metal hydride complex or catalytic hydrogenolys is. 

[0052] Deprotection using an acid is generally conducted by treating the compound with an acid such as formic acid, 
trif luoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent such as methylene chloride, anisole, tetrahy- 
55 drofuran, dioxane, methanol or ethanol or a mixture of such a solvent with water, or in the absence of solvent, preferably 
at a temperature in the range from 0° to 100°C, for a period of time ranging from 10 minutes to 24 hours. 
[0053] Deprotection using a base can generally be carried out by treating the compound with an alkali metal hydrox- 
ide, e.g. . lithium hydroxide, sodium hydroxide or potassium hydroxide; an alkali metal carbonate, e.g., sodium carbonate 
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or potassium carbonate, In an inert solvent which exerts no adverse effect on the reaction, e.g., methanol, ethanol, 
isopropanol, tetrahydrofuran or dioxane or a mixture of such a solvent with water, preferably at a temperature in the 
range of from -20 to 80°C, for a period of time ranging from 10 minutes to 24 hours. 

[0054] Catalytic hydrogenolysis can generally be carried out in the presence of a catalyst such as palladium-on- 
carbon, palladium hydroxide, Raney nickel or platinum oxide : in an inert solvent, e.g., methanol, ethanol, water or 
acetic acid or a mixture of such solvents, preferably under a pressure of hydrogen of 1 to 20 kg/cm 2 , preferably at a 
temperature in the range of from 0 to 40'C, for a period of time ranging from 10 minutes to 24 hours. 
[0055] Alkylation of a deprotected compound of the general formula [VIII] with a compound of the general formula 
[VII] is conducted through a reaction at a temperature between 0°C and boiling point of the employed solvent for 10 
minutes to 48 hours, in the presence of 1-10 equivalents of an alkylation agent of the general formula [VII]; 1-10 
equivalents, preferably 1-3 equivalents, of a base; and if necessary 0.1-10 equivalents, preferably 0.1-2 equivalents., 
of a reaction promotor; all the ratios being based on the deprotected body. 

[0056] The reaction is usually conducted in an inert solvent. Examples of useful inert solvent include: ethers such 
as ethyl ether, tetrahydrofuran , dioxane andthe like; aromatic hydrocarbons such as benzene, toluene, chlorobenzene 
xylene and the like; aprotonic polar solvents such as dimethyl sulfoxide, N,N-dimethylformamide : acetonitrile s hexam- 
ethylphosphoric triamide and the like; and their mixtures. 

[0057] As examples of leaving groups, halogen atoms, trifluoroacetoxy group, methanesulfonyloxy group, trifluor- 
omethanesulfonyloxy group, p-toluenesulfonyloxy group, diphenoxyphosphoryloxy group and the like can be named. 
In particular halogen atoms and methanesulfonyloxy group are preferred. 

[0058] As the bases used for the reaction, for example, metal hydrides such as lithium hydride, sodium hydride : 
potassium hydride, etc.; metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.: 
alkali metal bicarbonates such as sodium hydrogencarbonate, potassium hydrogencarbonate, etc.; alkali metal car- 
bonates such as sodium carbonate, potassium carbonate, etc.; tertiary aliphatic amines such as trim ethyl amine, tri- 
ethylamine, N,N-dilsopropylethylamine, N-methylmorpholine, N-methylpyrrolidlne, N-methylpiperidine, N,N-dimethyl- 
anillne, 1 ,8-diazabicyclo-[5.4.0]undec-7-ene (DBU), 1 ,5-diazabicyclo[4.3.0]non-5-en (DBN), etc. ; and aromatic amines 
such as pyridine, 4-dimethylaminopyridine, picoline, lutidine, quinoline, isoquinoline, etc. may be named. In particular, 
N,N-diisopropylethylamine and triethylamine are preferred. 

[0059] As useful reaction promotors, alkali metal iodides such as lithium iodide, sodium iodide, potassium iodide, 
etc. can be named. In particular potassium iodide is preferred. 

[0060] Reductive alkylation of a deprotected compound of the general formula [VIII] with a compound of the general 
formula [IX] is generally conducted in an inert solvent which is not detrimental to the reaction. Examples of such inert 
solvent include alcohols such as methanol, ethanol, etc. ; ethers such as ethyl ether, tetrahydrofuran, dioxane, etc.; 
aromatic hydrocarbons such as benzene, toluene, etc.; and mixed solvents thereof. For instance, methanol, ethanol, 
tetrahydrofuran and toluene are preferred. 

[0061] The reaction temperature usually ranges from -30°C to 200°C, preferably from 0°C to 100°C. 
[0062] The reaction time usually ranges from 10 minutes to 7 days, preferably from 10 minutes to 24 hours. 
[0063] This reaction can be carried out under weakly acidic conditions which facilitate formation of Schiff bases. 
Acids which can be used for that purpose include, for example, p-toluenesulfonic acid, hydrochloric acid, acetic acid 
and trifluoroacetic acid. 

[0064] The reducing reaction can be effected, for example, using a metal hydride complex such as sodium borohy- 
dride, sodium cyanoboro hydride or lithium aluminum hydride, or by catalytic hydrogenation using a palladium-on-car- 
bon catalyst, a Raney nickel catalyst or the like. Preferably, it is effected using a metal hydride complex such as sodium 
borohydride or sodium cyanoborohydride. Especially when the reducing reaction is carried out under weakly acidic 
conditions which facilitate formation of Schiff bases, It is preferable to use sodium cyanoborohydride or the like which 
are relatively stable under the acidic condition. 

[0065] When a metal hydride complex is used as the reducing agent, the amount of reducing agent used may usually 
range from 1 mole to a molar excess, preferably from 1 to 10 moles, per mole of the compound of formula [IX]. 
[0066] The reaction of a compound of the general formula [III] or a reactive derivative thereof with a compound of 
the general formula [X] can be carried out in the manner similar to that between a compound of above general formula 
[III] or a reactive derivative thereof with a compound of the general formula [V]. 

[0067] Moreover, when a compound formed upon condensation of a compound of the general formula [III] or a re- 
active derivative thereof with a compound of the general formula [X], or a compound formed upon condensation of a 
compound of the general formula [VIII] with a compound of the general formula [VII] or [IX] contains a protective group 
of functional group and/or lower alkoxycarbonyl or aralkyloxycarbonyl, a suitable functional group conversion needs 
to be conducted. Functional group conversion signifies removal of the protective group, reduction of the lower alkox- 
ycarbonyl or aralkyloxycarbonyl group to hydroxymethyl or conversion to amino. 

[0068] For the deprotection, above-described deprotection conditions can be suitably selected, depending on kind 
of the protective group. Reduction of a lower alkoxycarbonyl or aralkyloxycarbonyl group to hydroxymethyl can be 



6 



EP 0 863 141 B1 



effectGd through reduction using LiAIH 4 or the like, and the conversion to amino can be effected through a reaction 
which is generally referred to as Curtius reaction. 

[0069] Isolation and purification of the general formula [I] compounds which are obtained through above-described 
processes can be effected by such usual separation methods as column chromatography, liquid chromatography or 
5 thin-layer chromatography, using silica gel, adsorbent resin or the like; solvent extraction or recrystallization and re- 
precipitation; performed either singly or in combination. 

[0070] While the compounds of the present invention and their intermediates have optical isomers, this invention 
encompasses all of the optical isomers and their racemates. 

[0071] When the compounds of the present invention and intermediates thereof are racemates, their optical resolu- 
10 tion can be achieved by conventional means such as high-performance liquid chromatography using a chiral carrier, 
or fractional crystallization of diastereomeric salts thereof. 

[0072] The compounds of formula [I] obtained in the above-described manner may be converted into pharmaceuti- 
calfy acceptable salts thereof according to accepted practice. Conversely, such salts may also be converted into the 
corresponding free amines according to accepted practice. 
15 [0073] Hereinafter action of compounds of the present invention to inhibit binding to muscarinic receptors and their 
in vitro and in vivo antagonism to muscarinic receptors are described, to concretely indicate utility of the present in- 
vention. As the labelling llgand for M t muscarinic receptor, [ 3 H]-teIenzepine was used and as that for M 2 and M 3 mus- 
carinic receptors, [ 3 H]-N-methyl-scopolamine was used, and dissociation constants (Kj) were calculated from concen- 
tration of each of the tested compounds to inhibit binding of the labelling ligand by 50% (IC 50 ). 

20 

Test on inhibition of binding to muscarinic receptors 

1) Making membrane preparations 

25 [0074] Male SD strain rats weighing each 250 g-350 g [Japan Charles River K.K.] were sacrificed and their cerebral 
cortices, hearts and lacrimal glands were extirpated. The isolated organs were homogenized with Porytron (setting: 5) 
in an ice-cooled, 5-times diluted buffer solution (pH 7.4) containing 50 mM tris-hydrochloric acid, 5 mM magnesium 
chloride, 1 mM ethylenediamine-tetraacetic acid trisodium salt and 20% sucrose, followed by 15 minutes' centrifuge 
at 3,000 x g and 4°C. After filtering the supernatant through gauze cloth, the filtrate was further subjected to an ultra- 

30 centrifugation at 100,000 x g at 4°C for 45 minutes. The resultant precipitate was suspended in an ice-cooled buffer 
solution (pH 7.4, hereafter abbreviated as tris buffer) containing 50 mM tris-hydrochloric acid and 5 mM magnesium 
chloride. The suspension was subjected to an uttracentrifugation at 100,000 x g at 4'C for 45 minutes. The resultant 
precipitate was suspended in tris buffer at a concentration of 50 mg/ml and kept at -80°C until the time of use. It was 
melted at the time of use In the binding inhibition tests. 

35 

2) Tests on Inhibition of M 1 muscarinic receptor binding 

[0075] These tests were performed according to a modification of the method of Hargreaves et al. (Br. J. Pharmacol . 
107: pp. 494-501, 1992). Namely, a cerebral cortex membrane preparation, 1 nM [ 3 H]-telenzeplne (pH]-Telenzepine, 

40 85 Ci/mmol, New England Nuclear) and a test compound were incubated in 0.5 ml of tris buffer at room temperature 
(about 20-25°C) for 120 minutes. Into the incubated system, 0.5 ml of ice-cooled tris buffer was added and suction- 
filtered with a glass filter (Packard Unifilter Plate GF/C). The filter was washed 4 times each with 1 ml of ice-cooled tris 
buffer. After drying the filter at 50 6 C for an hour, a scintillator (Microscinti 0: Packard Instrument Co., Inc.) was added 
and the radioactivity of the [ 3 H]-telenzepine which was adsorbed onto the filter was measured with a microplate scin- 

4 $ tillation counter (Top Count: Packard Instrument Co., Inc.). Non-specific binding of pH]-telenzepine to the receptors 
was determined under addition of 10 uM pirenzepine. Binding affinity of compounds of the present invention to M 1 
muscarinic receptor was determined following the method of Cheng and Prussoff (Biochem. Pharmacol. 22: 3099-31 08, 
1973). ie.. the dissociation constant (K { ) was calculated from the concentration (IC^) of each test compound which 
achieved 50% inhibition of binding of pHJ-telenzepine, the labelling ligand used. 

50 

3) Test on inhibition of M 2 muscarinic receptor binding 

[0076] The test was conducted in the manner similar to above 2) M 1 muscarinic receptor binding inhibition test, 
except that the membrane preparations of the heart were used as the test specimens and 0.2 nM [ 3 H]-N-methylsco- 
55 polamine (pHJ-N-Methylscopolamine, 84 Ci/mmol, New England Nuclear) was used as the labelling ligand. Non-spe- 
cific binding of [ 3 H]-N-methylscopolamine to the receptors was determined under addition of 1 u,M N-methylscopo- 
lamine. 
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4) Test on inhibition of M 3 muscarinic receptor binding 

[0077] The test was conducted in the manner similar to above 2) M 1 muscarinic receptor binding inhibition test, 
except that the membrane preparations of the lacrimal glands were used as the test specimens and 0.02 nM [ 3 H]-N- 
methylscopolamine was used as the labelling ligand. Non-specific binding of [ 3 H]-N-methylscopolamine to the receptor 
was determined under addition of 1 nM N-methylscopolamine. 



TABLE 1 



Inhibitory Effects on Binding to Muscarinic M 1s M 2 and M 3 Receptors 




Kj (nM) 


M|/M 3 


M 2 /M 3 


M 1 


M 2 


M 3 


Compound of Example 1 


12 


1100 


2.9 


4.3 


380 


Compound of Example 9 


29 


1300 


9.4 


3.1 


140 


Compound of Example 1 0 


16 


1300 


7.6 


2.1 


170 


Compound of Example 11 


11 


730 


8.8 


1.3 


83 



[0078] As indicated in the above Table, the compounds of the present invention exhibited more potent antagonism 
to M 3 muscarinic receptor, than that to M 1 and M 2 muscarinic receptors. 

Test-1 for antagonism to muscarinic receptors (in vitro) 

1 ) Test for antagonism to M t receptor in an isolated rabbit vas deferens 

[0079] This test was conducted following the method of Eltze, et el. [ European Journal of Pharmacology . Vol. 1 51 , 
pp. 205-221]. Male Japanese White rabbits (each weighing about 3 kg) were sacrificed by exsanguination from arteria 
femoralis under anesthetization with pentobarbital, and the vas deferens were isolated. As the vas deferens prepara- 
tion, the part close to the prostate gland (1 cm in length) was used. The preparation was isometrically suspended In 
the direction of long axis in a Magnus tube filled with 20 ml of Krebs-Henseleit solution [gassed with 95% 0 2 -5% C0 2 
and kept at 31 °C, containing 1 jiM yohimbine (02 antagonist)] at an initial tension of 1 .0 g and a resting tension of 0.75 
g. The tension in each preparation was isometrically recorded. After 30 minutes' equilibration, contraction of the prep- 
aration under electric stimulation (0.5 ms, 30 V) using a bipolar electrode was caused at every 20 seconds. After the 
contraction caused by the electric stimulation became stable, contraction-lnhjbrtory response caused by McN A-343 
(2.5 x 1Q- 5 M, an M r selective agonist) was observed three times (conditioning response). Washing the preparation 
with a fresh solution to recover it from the contraction, McN A-343 (1 0* 7 -1 0" 5 M) was cumulatively administered thereto 
from a low concentration to three-fold increased dose, until the maximum response was obtained, to obtain a control 
dose-response curve. The preparation was again washed with the fresh solution and recovered from the contraction, 
and thereafter treated with a test compound. Ten minutes after the treatment, again McN A-343 was cumulatively 
administered to the preparation. The response to McN A-343 was expressed based on the extent of contraction before 
the administration of McN A-343, which was set to be 1 00%. The antagonistic potency (K B value) of the test compound 
was determined from the degree of shift in the dose-response curve caused by the treatment with the test compound. 

2) Test for antagonis to M 2 receptor in isolated rat right atrium 

[0080] This test was conducted following the method of Wess, et el. [British Journal of Pharmacology , Vol. 1 02, pp. 
246-250]. Male SD strain rats (weighing 200-300 g) were sacrificed by exsanguination and the right atrium was isolated. 
Each preparation was isometrically suspended in a Magnus tube filled with 20 ml of Krebs-Henseleit solution (gassed 
with 95% 0 2 -5% C0 2 , at 32*C) at an initial tension of 0.5 g. The heart rate was recorded with a heart rate counter. 
After the preparation was equilibrated for 30 minutes, carbachol (10* 9 to 1 0* 6 M) was cumulatively administered from 
a low concentration to three-fold increased doses. Thus, a decrease In heart rate was measured to obtain a control 
dose-response curve. After the preparation was washed with fresh solution to recover the heart rate, a test compound 
was administered thereto. Ten minutes later, carbachol was cumulatively administered again. CarbachoMnduced re- 
sponses were expressed as percentages based on the heart rate before administration of carbachol as 100%. The 
antagonistic potency (K B value) of the test compound was determined from the degree of shift of the dose-response 
curve resulted from the treatment with individual test compound of the present invention. 
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3) Test for antagonism to the airway M 3 receptor in an isolated rat trachea 

[0081] This test was conducted following the method of Berge, et al. [European Journal of Pharmacology . Vol. 233 . 
pp. 279-284]. Male SD strain rats (200-300 g) were sacrificed by exsanguination and the trachea was isolated. Ring 
segments (2 mm wide) were cut out from the trachea and cut transversely at the anterior cartilage part to make open 
ring preparations. Each preparation was suspended in a Magnus tube filled with 5 ml of Krebs-Henseleit solution 
(gassed with 95% 0 2 -5% C0 2 , at 37°C) at an initial tension of 1 .0 g and a resting tension of 0.6 g. The tension of the 
preparation was recorded isometrically. After being equilibrated for an hour the preparation was made to contract twice 
by treatment with 10 4 M carbachol, and the second contraction induced by carbachol was used as the reference con- 
traction. After the preparation was washed with fresh solution to be recovered to the base line, a test compound was 
administered thereto (or no treatment was given). Ten minutes later, carbachol (10~ 8 to 10 3 M) was cumulatively ad- 
ministered in three-fold increased doses to obtain a dose-response curve. The dose-response curve was plotted by 
expressing responses as percentages based on the reference contraction of the preparation as 1 00%. The antagonistic 
potency (K B value) of the test compound was determined from the degree of shift of the dose-response curve obtained 
by treatment with the lest compound. 

4) Test for antagonism to the intestinal tract M 3 receptor In isolated rat ileum 

[0082] Male SD strain rats (200-300 g) were sacrificed by exsanguination, and the ileum was isolated and formed 
into 2 cm-long preparations. Each preparation was suspended in a Magnus tube filled with 20 ml of Krebs-Henseleit 
solution (gassed with 95% 0 2 -5% C0 2 at 30° C) with a load of 0.5 g. Tension in the preparation was isotonically recorded. 
After an hour's equilibration, the preparation was contracted twice with 10* 6 M carbachol. the second contraction being 
recorded as the reference contraction. After the preparation was washed with fresh solution and recovered to the base 
line, a test compounds was administered thereto (or no treatment was given). Ten minutes later, carbachol (10* 8 to 
10 3 M) was cumulatively administered to the preparation from at a low concentration to three-fold increased dose to 
obtain a dose-response curve. The dose- response curve was plotted by expressing responses as percentages based 
on the reference contraction of the preparation which was set to be 100%. The antagonistic potency (K B value) of the 
test compound was determined from the degree of shift in the dose-response curve resulted from the treatment with 
the test compound. 

5) Test for antagonism to the bladder M 3 receptor in isolated rat urinary bladder 

[0083] This test was conducted following the method of Noronha-Blob, et al. [ Journal of Pharmacological Experi- 
mental Therapeutics , Vol. 256, pp. 562-567]. Male SD strain rats (200-300 g) were sacrificed by exsanguination and 
the urinary bladder was isolated. The bladders were cut into four longitudinal unfold sections, to form about 10 mm- 
long preparations. Each preparation was suspended In a Magnus tube filled with 5 ml of Krebs-Henseleit solution 
(gassed with 95% 0 2 -5% C0 2 at 32*C) at an initial tension of 0.5 g. The tension in the preparation was isometrically 
recorded. After an hour's equilibration, the preparation was contracted twice with 10 _4 M carbachol the second con- 
traction being recorded as the reference contraction. After the preparation was washed with fresh solution and recov- 
ered to the base line, a test compound was administered thereto (or no treatment was given). Ten minutes later, car- 
bachol (10- 8 to 10* 3 M) was cumulatively administered to the preparation from at a low concentration to three-fold in- 
creased dose to obtain a dose-response curve. The dose-response curve was plotted by expressing responses as 
percentages based on the reference contraction of the preparation which was set to be 1 00%. The antagonistic potency 
(K B value) of the test compound was determined from the degree of shift In the dose-response curve resulted from the 
treatment with the test compound. 
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[0084] As indicated above, the compound of the present Invention exhibited antagonism to muscarinic receptors of 
vas deferens M 1( atrium M 2 , airway M 3; ileus M 3 and bladder M 3 ; in particular, exhibited potent antagonism to airway 
55 M 3 and bladder M 3 receptors. Moreover, the action was more selective for the airway and bladder M 3 receptors. That 
Is, the compound of the present invention is a compound more selective for airway M3 and bladder M 3 receptors. 
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Test 2 for antagonism to muscarinic receptors (in vivo) 
1) Test for airway resistance enhancement in rats 

5 [0085] Eight- to eleven-weeks-old Sprague-Dawley strain rats (300-400 g) were anesthetized with urethane (750 
mg/kg, i.p.) and a-chloralose (37.5 mg/kg, i.p.). The bronchus of each rat was intubated, and the right jugular vein was 
cannulated for drug administration. After spontaneous respiration was completely suppressed with succinylcholine (5 
mg/kg. s.c.). the airway resistance was measured under artificial ventilation by means of a pulmonary Mechanics Model 
6 (Buxco). After stable airway resistance increase induced by intravenous administration of acetylcholine (50 ug/kg) 

10 was observed, a test compound was administered intravenously. After 5 minutes, once again the airway resistance 
increase was induced with acetylcholine. The inhibition ratio of the tested compound on the airway resistance increase 
before administration of the test compound was calculated, and the dose of the test compound which inhibited the 
airway resistance obtained before the drug administration by 50% was recorded as ID^ value. 

is 2) Test on rat bradycardia 

[0086] Eight- to eleven-weeks-old Sprague-Dawley strain rats (300-400 g) were anesthetized by intraperitoneal in- 
jection of urethane (750 mg/kg) and a-chloralose (37.5 mg/kg), and their right carotid artery ; left juglar vein and airway 
of the rat were cannulated. After the spontaneous respiration was completely suppressed with succinylcholine (5 mg/ 
20 kg, s.c), their heart rates were measured under artificial ventilation. After stable bradycardia Induced by jntravenous 
administration of acetylcholine (10 u.g/kg) was observed, a test compound was intravenously administered. Five min- 
utes later, bradycardia was induced once again with acetylcholine administration. The inhibition ratio to the bradycardia 
obtained before the administration of the test compound was calculated, and the dose of the test compound which 
inhibited the bradycardia obtained before the drug administration by 50% was recorded as ID 50 value. 

25 



TABLE 3 



Antagonism to Muscarinic Receptors (in vivo) 




airway constriction ID 50 (mg/kg i.v.) 


bradycardia ID 50 (mg/kg iv) 


Compound of Example 1 


0.037 


>3 


atoropine 


0.0043 


0.0037 


ipratropium 


0.0015 


0.0018 



35 [0087] As above- indicated, the compound of the present invention exhibited potent bronchodilation, and was selec- 
tive over bradycardiac response in which M 2 muscarinic receptor participates and which is associated with such side- 
effects as tachycardia of conventional cholinolytic agents. Whereas, atropine and ipratropium, the control compounds, 
exhibited potent activities in both cases and their actions were non -selective. 

[0088] Those compounds which are represented by the general formula [I] can be administered to patients orally or 

40 parenterally, and can be used as therapeutic or prophylactic agents of asthma, chronic airway obstruction and pulmo- 
nary fibrosis: etc.; urination disorders as pollakiurea, urgency and urinary incontinence : etc.; and gastrointestinal dis- 
eases such as irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis upon formu- 
lating them into preparation forms suitable for respective administration routes. In clinical use of compounds of the 
present invention, it is also permissible to incorporate pharmaceutical^ acceptable adjuvants and formulate the prep- 

45 arations into the forms suitable for intended administration. As the adjuvants to be used in such occasions, those 
commonly used In the filed of pharmaceutics can be used, examples of which include: gelatin, lactose, sucrose, titanium 
oxide, starch, crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, corn starch, microcrystal- 
line wax, white petrolatum, magnesium aluminate metasilicate, anhydrous calcium phosphate, citric acid, trisodium 
citrate, hydroxypropyl cellulose, sorbitol, sorbitan fatty acid ester, polysorbate, sucrose fatty acid ester, polyoxyethylene, 

so hardened castor oil, pofyvinylpyrrplldone, magnesium stearate, light silicic anhydride, talc, vegetable oil, benzyl alcohol, 
gum arabic, propylene glycol, polyalkylene glycol, cyclodextrin and hydroxypropylcyclodextrin. 
[0089] The dosage forms of pharmaceutical compositions prepared as mixtures with these adjuvants include solid 
preparations such as tablets, capsules, granules, powders and suppositories: liquid preparations such as syrups, elixirs 
and injections; and the like. These preparations may be formulated according to conventional techniques well-known 

55 in the field of pharmaceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other 
suitable media immediately prior to use. In particular, injections may be in the form of a solution or suspension in 
physiological saline solution or a glucose solution. If desired, such injections may contain buffer agents and/or pre- 
servatives. 
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[0090] In these pharmaceutical compositions, a compound In accordance with the present Invention may be present 
at a ratio of from 1 .0 to 1 00% by weight, preferably 1 .0 to 60% by weight, based on the total weight of the composition. 
These pharmaceutical compositions may additionally contain other therapeutically effective compounds. 
[0091] When the compounds of the present invention are used as bronchodilators, their dosage level and dosage 
schedule may vary according to sex, age and body weight of individual patient, severity of symptoms, type and range 
of desired therapeutic activity, and the like. Generally for oral administration, they are preferably administered in a daily 
dose of 0. 1 to 1 00 mg/kg for adults and this daily dose may be given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a dally dose of 0.001 to 1 0 mg/kg for adults and this daily dose may 
be given at a time or in several divided doses. 

[0092] Hereinafter the present invention is more specifically explained with reference to working examples, it being 
understood that the examples are in no way limitative of the scope of the invention. 

Example 1 

(2R)-N-n -(6-methvl»2-pyridylmethyl)piperidin>4>yl]>2-cyclopentyl-2-hydroxy>2-phenvlacetamide dihvdrochloride 
[0093] 



Structura I formul a 




(1 A) Synthesis of (2R)-2>cyclopentyl-2-hvdroxv>2-Dhenylacetic acid by optical resolution 

[0094] Into a solution of 23.5 g of phenylglyoxylic acid ethyl ester in 200 ml of tetrahydrofuran, a diethyl ether solution 
of cyclopentyl magnesium chloride was added dropwise under Ice cooling, followed by 30 minutes' stirring at the same 
temperature. Saturated aqueous ammonium chloride solution was added to the reaction mixture, and the reaction 
product was extracted with ethyl acetate, washed with saturated saline solution, and dried over anhydrous magnesium 
sulfate. Distilling the solvent off, the residue was purified by silica gel column chromatography (hexane/ethyl acetate 
= 30/1 to 20/1 ). Thus 1 1 g of 2-cyclopentyl-2-hydroxy-2-phenylacetic acid ethyl ester was obtained, wh ich was dissolved 
in 40 ml of methanol. To the solution 20 ml of 4N sodium hydroxide solution was added at room temperature, followed 
by 2 hours' stirring at the same temperature, and 1 hour's stirring at 50°C. Distilling the methanol off under reduced 
pressure, the aqueous layer was rendered weakly acidic with 4N hydrochloric acid and then extracted with ethyl acetate. 
The extract was washed with saturated saline solution, dried over anhydrous sodium sulfate and removed of the solvent 
by distillation. The resulting solid was washed with diethyl ether/hexane = 1/1 , and 8.7 g of 2-cyclopentyl-2-hydroxy- 
2-phenylacetic acid was obtained, which was dissolved, together with 11 .6 g of clnchonidine, in 1.5 liters of toluene 
under heating, and the solution was cooled off to room temperature consuming about 4 hours. The white needles 
whereby precipitated were once again dissolved in 900 ml of toluene and cooled off to room temperature consuming 
about 4 hours. Recovering the precipitated white, acicular crystals by filtration, 8.0 g of (2R)-2-cyclopentyl-2-hydroxy- 
2-phenylacetlc acid cinchonidine salt was obtained. The salt was dissolved in a mixture of diethyl ether and 1 N hydro- 
chloric acid, and the organic layer was washed with water and then with saturated saline solution, and dried over 
anhydrous magnesium sulfate. Distilling the solvent off under reduced pressure, 3.0 g of the title compound was ob- 
tained as a white solid. 

(1B) Production of (2R)-2-cyclopentyl-2-hydroxy-2-phenylacetic acid by asymmetric synthesis 

[0095] To a solution of 293 mg of (2S,5S)-2-(t-butyl)-5-phenyl-1 ,3-dioxo1an-4-one, which had been synthesized fol- 
lowing the method of D. Seebach, et al. (Tetrahedron, Vol. 40, pp. 1313-1324 (1984)], in 10 ml of tetrahydrofuran, 1.0 
ml of a hexane solution of 1 .5 M lithium diisopropylamide was added dropwise at -78X, followed by 30 minutes' stirring, 
addition of 0.15 ml of cyclppentanone, 1 hour's stirring at the same temperature and then addition of a solution of 510 
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mg ot N-phenyltrifluoromethanesurfonimide in 5 ml of tetrahydrofuran. The reaction mixture was stirred overnight while 
being restored to room temperature. The resultant reaction mixture was poured into saturated aqueous ammonium 
chloride solution and extracted with ethyl acetate. The extract was washed with saturated saline solution, dried over 
anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 

5 by silica gel column chromatography (hexane/ethyl acetate = 40/1 ) : and 361 mg ot an yellow oily substance was ob- 
tained, 113 mg of which was dissolved in 4 ml of methanol. To the solution 45 mg of sodium acetate and 15 and mg 
of 10% palladium-on-carbon were added and stirred for 6 hours in a hydrogen atmosphere at normal pressure and 
room temperature. The reaction mixture was filtered through celite pad and removed of the solvent by reduced pressure 
distillation. To the residue ethyl acetate and saturated aqueous sodium hydrogencarbonate solution were added. The 

10 organic layer was separated, washed with saturated saline solution, dried over anhydrous magnesium sulfate and 
removed of the solvent by reduced pressure distillation. The residue was purified by preparative thin layer chromatog- 
raphy (Kieselgel™ 60F254, Art 5744: Merck ; hexane/ethyl acetate = 19/1) to give 63 mg of a colorless oily substance. 
This product was dissolved in 1 ml of methanol, added with 1 ml of 1N sodium hydroxide solution and stirred for 3 
hours at 60 ft C. Distilling the methanol off under reduced pressure, the remaining reaction mixture was washed with 

15 diethyl ether, made acidic with 1 N hydrochloric acid and extracted with chloroform. The organic layer was washed with 
saturated saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure 
distillation, to give 46 mg of the title compound as a white solid. 

(2) Synthesis of 4-t-butoxycarbonylamino-1 -(6-methyl-2-pyridylmethyl)piperidine 
20 *' 

[0096] In 15 ml of dichloroethane, 31 5 mg of 4-t-butoxycarbonylaminopiperidine, 320 mg of 6-methyl-2-pyridinecar- 
baldehyde and 100 mg of acetic acid were dissolved. To the solution 575 mg of sodium triacetoxyborohydride was 
added at room temperature, followed by an hour's stirring at the same temperature. The reaction mixture was poured 
Into saturated aqueous sodium hydrogencarbonate solution and extracted with chloroform. The extract was dried over 
25 anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 
by silica gel column chromatography (chloroform/methanol = 100/1 to 50/1), to give 540 mg of the title compound as 
a white solid. 

(3) Synthesis of 4-amino-1>(6-methyl-2-pyridylmethyl)-piperidine trihvdrochloride 

30 ~ ~ ~ ~ ~~ '~ ' 

[0097] In 20 ml of methanol, 540 mg of 4-t-butoxycarbonylamino-1-(6-methyl-2-pyridylmethyl)piperidine was dis- 
solved, and to the solution 1 0 ml of 1 0% hydrogen chloride in methanol was added at room temperature, followed by 
12 hours' stirring at the same temperature. Thereafter the solvent was distilled off under reduced pressure to give 530 
mg of the title compound as a white solid. 

35 

(4) Synthesis of (2R)-N-[1-(6-methyl-2-pyridylmethyl)-pfo^ 

[0098] To a solution of 1 1 0 mg of (2R)-2-cyclopentyl-2-hydroxy-2-phenylacetic acid, which had been obtained in Step 
(1 A), In 8 ml of N.N-dimethylform amide, 95 mg of 1 ,1-carbonyldilmldazole was added at room temperature, and stirred 

^0 for an hour at the same temperature. To the reaction mixture, further 1 80 mg of 4-amino-1 -(6-methyl-2-pyridylmethyl) 
piperidine tri hydrochloride as obtained In Step (3), 0.75 ml of triethylamine and 7.5 mg of 4-dimethylaminopyridine 
were added and stirred for 16 hours. The reaction mixture was poured into saturated aqueous solution of sodium 
hydrogencarbonate and extracted with diethyl ether. The extract was sequentially washed with water and saturated 
saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. 

45 The residue was purified by silica gel column chromatography (chloroform/methanol = 50/1 ) to give 1 72 mg of the title 
compound as a white solid. 

FAB-MS(m/e, (CgsH^CVH)*): 408 

1 H-NMR(CDCl3) 6: 1.11-1.28 (1H, m) : 1.36-1.90 (11H, m) : 2.12-2.27 (2H, m) : 2.53 (3H, s), 2.68-2.80 (2H ; m), 
2.95-3.09 (1H S m), 3.16 (1H, brs), 3.59 (2H, s), 3.65-3.80 (1H, m), 6.32 (1H, brd. J=8.1Hz), 7.01 (1H, brd, J=7.3Hz), 
50 7.19 (1H, brd, J=7.6Hz), 7.22-7.36 (3H, m), 7.48-7.63 (3H, m) 

(5) Synthesis of (2R)-N"[1-(6-methyl-2-pyridyimethyl) -pipe ridin-4-yl]-2'Cyclopentyl-2-hydroxy-2-phenylacetamide 
dihydrochlorida 

55 [0099] 172 Milligrams of (2R)-N-[1-(6-methyl-2-pyridylmethyl)piperidin-4-yG-2-cyclopentyl>2-hydroxy-2-phenyla- 
cetamlde as obtained in Step (4) was dissolved in ethanol. To the solution 4N hydrogen chloride/ethyl acetate was 
added at room temperature and concentrated under reduced pressure. The residue was dissolved in a small amount 
of ethanol and solidified by addition of diethyl ether. The solid was recovered by filtration and dried under reduced 
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pressure to give 145 mg of the title compound as a white solid. 

^-NMRfCDCy 5: 1.07-1.70 (8H, m), 1.81-2.08 (4H, m) : 2.73 (3H, s), 3.01-3.34 (3H : m) f 3.48-3.66 (2H, m), 
3.84-3.98 (1 H, m), 4.57 (2H, s), 7.1 8-7.34 (3H, m) s 7.58-7.65 (2H, m), 7.68 (1 H, brd : J=7.9Hz), 7.72 (1 H, brd : J=7.9Hz) : 
8.16 (1H,t, J=7.9Hz) 

Example 2 

N-[1-(4-methyl-2-pyridylmethyl)plperidin-4-y^^ 

(1) Synthesis of N-(1 -t-butoxycarbonylpiperidin-4-yI)-2-cyclopenTyl-2-hydroxy-2-phenylacetamide 
[0100] 




[0101] To a solution of 716 mg of 2-cyclopentyl-2-hydroxy-2-phenylacetic acid as obtained in Step (1 A) of Example 
1 in 5 ml of N,N-dimethyfformamide. 540 mg of 1 .1-carbonyldiimidazole was added at room temperature, and stirred 
for an hour at the same temperature. Further 846 mg of 4-amino-1 -t-butoxycarbonylpiperidine hydrochloride and 1 ml 
of diisopropyl ethyl amine were added, followed by 16 hours' stirring. The reaction mixture was poured Into water and 
extracted with diethyl ether. The extract was sequentially washed with water and saturated saline solution, dried over 
anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified 
by silica gel column chromatography (hexane/ethyl acetate = 4/1 to 1/1) to give 752 mg of the title compound as a 
white solid. 

(2) Synthesis of N-(piperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide 

[01 02] 752 Milligrams of N-(1 -t-butoxycarbonylpiperidin-4-yl)- 2-cyclopentyl-2-hydroxy-2-phenylacetamide was dis- 
solved in 7 ml of 4N hydrogen chloride-dioxane solution, and stirred for 12 hours at room temperature. The reaction 
mixture was made weakly basic with 1N sodium hydroxide solution and extracted with diethyl ether. The extract was 
washed with saturated saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced 
pressure distillation to give 420 mg of the title compound as a white solid. 

(3) Synthesis of N-[1-(4-methyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 

[0103] 75 Milligrams of 4-methyl-2-pyridinecarbaldehyde, 58.3 mg of N-(piperidin-4-yl)-2-cyclopentyl-2 hydroxy- 
2-phenylacetamlde and 1 2 mg of acetic acid were dissolved in 1 0 ml of dlchloroethane. To the solution 68 mg of sodium 
triacetoxyborohydride was added at room temperature, followed by an hour's stirring at the same temperature. The 
reaction mixture was poured into saturated aqueous sodium hydrogencarbonate solution, extracted with chloroform, 
dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was 
purified by preparative thin layer chromatography [Kieselgel™ 60F 254 Art 5744 (Merck), chloroform/methanol = 9/1] 
to give 49.5 mg of the title compound as a white solid. 
FAB-MS (nVe, (C 25 H33N 3 O z +H) + ): 408 

^-NMRfCDCy 5: 1.12-1.30 (1H, m), 1.37-1.74 (9H, m), 1.75-1.90 (2H, mj, 2.12-2.26 (2H, m), 2.33 (3H t s), 
2.69-2.80 (2H, m), 2.94-3.09 (1K m), 3.15 (1H, s), 3.57 (2H, s), 3.65-3.80 (1H, m), 6.30 (1H, brd, J= 8.4Hz) : 6.97 (1H ; 
brd, J=5.3Hz) : 7.17 (1H, bra), 7.21-7.37 (3H, m), 7.58 (2H, brd f J-7.1Hz), 8.39 (1H, d ; J= 5.3Hz) 
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Example 3 

N-p-(6-ethyl-2-pyridylmethyl)piperldin-4-yl]-2^ 
[0104] 



Structural formula 




[01 OS] To a solution of 22 mg of 6-ethyl-2-pyridinemethanol In 3 ml of ethyl acetate, 0.1 ml of triethylamlne and 50 
\i\ of methanesulfonyl chloride were added at room temperature, followed by 30 minutes 1 stirring at the same temper- 
ature. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture, followed by an hour's 
stirring. The organic layer was separated and the aqueous layer was extracted with ethyl acetate. The extract was 
combined with the organic layer, washed with saturated saline solution, dried over anhydrous magnesium sulfate and 
removed of the solvent by reduced pressure distillation. The residue was dissolved in 3 ml of N.N-dimethylformamide, 
and to the solution 32 mg of N-(piperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide as obtained in Step (2) of 
Example 2, 12 mg of sodium bromide and 85 mg of potassium carbonate were added, followed by 4 hours' stirring at 
room temperature. The reaction mixture was poured into water and extracted with diethyl ether. The extract was se- 
quentially washed with water and saturated saline solution, dried over anhydrous magnesium sulfate and removed of 
the solvent by reduced pressure distillation. The residue was purified by preparative thin layer chromatography 
[Kieselgel ™ 60F 25 4, Art 5744 (Merck), chloroform/methanol = 12/1] to give 14.5 mg of the title compound as a white 
solid. 

FAB-MS (m/e, (C 26 H 35 N 3 0 2 +H) + ): 422 

1 H-NMR(CDCI 3 ) 5: 1.15-1.34 (1H, m), 1.29 (3H, t, J=7.5Hz), 1.38-1.92 (11H, m), 2.17-2.30 {2H, m), 2.70-2.89 
(2H, m), 2.B1 (2H, q, J=7.5Hz) : 2.97-3.22 (2H, m), 3.63 (2H, s), 3.67-3.B1 (1 H, m), 6.35 (1H, brd, J=7.7Hz), 7.04 (1H, 
d, J=7.3Hz), 7.21 (1H, d, J=7.9Hz), 7.24-7.40 (3H, m), 7.53-7.65 (3H, m) 

Example 4 

N-(1-(6-amino-2-pyridylmethyl)piperidin-4-yl]:2-cyclopentyl-2-hydroxy-2-phenylacetamide dihvdrochloride 
[0106] 



Structura I f ormu I a 



H 



(1 ) Synthesis of N-f 1 -(6-ethoxvcarbonvl-2-pyridylmethyl)p?peridin-4-yll-2-cyclopontyl-2-hydroxy-2-phenylacetamide 
[0107] Using 94 mg of 6-fomnyl-2-plcolinic acid ethyl ester as the starting material by a method similar to Step (3) of 
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Example 2 : 191 mg of the title compound was obtained as a white solid. 

(2) Synthesis of N-f 1 -(6>amlno-2-pvrldvlmethvl)piperidln-4-yll-2-cyctopentvl-2-hydroxv-2-phenvlacetamide 
dihvdrochloride 

[0108] To a solution of 40 mg of N-I1-(6-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2^hydroxy- 
2-phenylacetamide in 1 ml of methanol 0.5 ml of 1N sodium hydroxide solution was added at room temperature, 
followed by 15 hours* stirring at the same temperature. The reaction mixture was made weakly acidic with 1N hydro- 
chloric acid and concentrated under reduced pressure. The residue was dissolved in ethanol, and the insoluble matter 
was removed by filtration. The filtrate was concentrated under reduced pressure. The residue was purified by reverse 
phase ODS column chromatography (acetonitrile/water = 2/1) to provide 27 mg of an oily substance. The product was 
dissolved in 1 ml of t-butanol. After addition of 20 mg of diphenylphosphoryl azide and 27 ul of triethylamine, the solution 
was refluxed for 1 8 hours. The solvent was distilled off, and the residue was purified by preparative thin layer chroma- 
tography [Kieselgel™ 60F 2&4 , Art 5744 (Merck), chloroform/methanol = 10/1] to give 14 mg of an oily substance. The 
product was dissolved in 0.5 ml of methanol, and to which 4N hydrogen chloride/dioxane was added at room temper- 
ature, followed by an overnight stirring. The reaction mixture was solidified by drying under reduced pressure to give 
13 mg of the title compound as a white solid. 
FAB-MS (m/e s (C^H^CVH)*) : 409 

Example 5 

N-f1-(4-amino-2-pvridvlmethyl)piperldin-4-vl1-2-cvclopentvl-2-hydroxv-2-phenylac6tamidQ dihvdrochloride 
[0109] 



Structura I f ormu I a 




•2HC1 



[01 10] Using ethyl 2-formyl-4-picolinate as the starting material, a method similar to Example 4 was practiced to give 
21 mg of the title compound as an yellow solid. 

1H-NMR(CDCI 3 ) 8: 1.20-1.75 (10H, m), 1 .78-1.88 (1H S m), 2.10-2.25 (2H, m), 2.75-2.88 (2H, m) : 3.01-3.13 (1H, 
m), 3.43 (2H, s) s 3.54-3.67 (2H, m), 6.45 (1 H, dd t J=2.3, 5.9Hz) : 6.65 (1 H, d, J=2.3Hz), 7.20 (1 H, t, J=7.5Hz) : 7.29 (2K 
t f J=7.5Hz) ? 7.60 (2H, d, J= 7.5Hz) : 7.8B (1 K d, J=5. 9Hz) 
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Example 6 

N^1-(2>thlenvlmethyl)piperidin-4>vll-2-cvclopentyl-2-hvdroxv-2-phenvlacetamlde 
[0111] 



Structural formu la 




[0112] To a solution of 17 mg of 2-thiophenemethanol in 2 ml of chloroform, 4 drops of thionyl chloride were added, 
and stirred tor 1 hour at room temperature. The solvent was distilled off and the residue was processed by a method 
similar to Example 3, to give 1 7 mg of the title compound as a colorless oily substance. 

1H-NMR(CDCI 3 ) 5: 1.13-1.74 (10H, m), 1.75-1 .88(2H, m), 2.05-2.18 (2H, m), 2.72-2.82 (2H, m), 2.94-3.07 (1H, 
m), 3.61-3.76 (1H, m),3.68 (2H, s), 6.29 (1H, brd, J=7.6Hz), 6.87 (1H, d t J=4.2Hz), 6.92 (1H, t, J=4.2Hz), 7.21 (1H, d, 
J=4.2Hz) t 7.24-7.29 (1H, m), 7.34 (2H, t, J=7.1Hz), 7.58 (2H, d, J=7.1Hz) 

Example 7 

N-t1-(4-hydroxymethyl-2-pyridylmethyQpiperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 
[0113] 



Structura I formula 




(1) Synthesis of N-[1-(4-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hvdroxv-2-phenylacetamide 

[0114] Using 142 mg of 2-formyl-4-picolinic acid ethyl ester as the starting material and processing the same by a 
method similar to Step (3) of Example 2, 198 mg of the title compound was obtained as a colorless oily substance. 

(2) Synthesis of N-[1 -(4-hydroxymethyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hvdroxv-2-phenylacetamide 

[0115] To a solution of 92 mg of N-[1-(4-ethoxycarbonyl-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy- 
2-phenylacetamlde In 2 ml of tetrahydrofuran s 15 mg of aluminium lithium hydride was added at 0'C, followed by 2 
hours' stirring at room temperature. To the reaction mixture 30 uJ of 3N sodium hydroxide solution and anhydrous 
sodium sulfate were'added, and the mixture was filtered with celite. Distilling the solvent off under reduced pressure, 
the residue was purified by preparative thin layer chromatography [Kleselgel™ 60F 254 , Art 5744 (Merck), chloroform/ 
methanol = 10/1] to give 36 mg of the title compound as a colorless oily substance. 

'H-NMRJCDCy 8: ,1.10-2.28 (12K m), 2.68-2.80 (2H, m), 2.95-3.08 (1H, m) s 3.11-3.25 (1H S m), 3.60 (2H, s) s 
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4.71 (2H, s) : 6.38 (1H : d, J=8.2Hz), 7.21-7.40 (4H : m), 7.59 (2K d, J=8.4Hz), 8.47 (1H, d : J=4.9Hz) 



Example 8 



N41-(6-m9thoxy-2-pyridylmethyl)piperidin^^ 



[0116] 



Structura I f ormu la 




OCH* 



[0117] Using as the starting material 13 mg of 6-methoxy-2-pyridinecarbaldehyde which had been synthesized fol- 
lowing the method of D. L. Comins, et al. [J. Org. Chem. Vol. 55, pp. 69-73 (1990)] in a method similar to Step (3) of 
Example 2 : 37 mg of the title compound was obtained as a colorless oily substance. 
FAB-MS (m/e, (C^H^Oa+H)*): 424 

tH-NMR(CDCI 3 ) 8: 1.10-1.75 (10H, m), 1.75-1.90 (2H, m), 2.15-2.30 (2H, m), 2.75-2.86 (2H, m), 2.95-3.08 (1H S 
m), 3.12 (1 H, s), 3.55 {2K s), 3.65-3.80 (1 H s m), 3.90 (3H S s) : 6.31 (1H, d, J=7.9Hz) : 6.59 (1H, d, J=8.2Hz) { 6.93 (1H, 
d, J=7.2Hz), 7.22-7.38 (3H, m), 7.51 (1H S dd, J=7.2 t 8.2Hz), 7.56-7.62 (2H, m) 



[01 19] using 21 mg of 4-methoxy-2-pyridinemethanol as a starling material in a method similar io Example 5, 13 mg 
of the title compound was obtained as a colorless oily substance. 
FAB-MS (m/e, (C^H^NaCVH)*): 424 

t H-NMR(CDCI 3 ) 6: 1.10-1 .75 (10H, m), 1 .75-1 .90 (2H t m), 2.12-2.28 (2H, m), 2.66-2.82 (2H, m), 2.93-3.09 (1H, 
m), 3.19 (1H, brs), 3.58 (2H, s), 3.65-3.80 (1H, m), 3.84 (3H, s), 6.34 (1H, d, J=7.9Hz), 6.69 (1H, dd, J=2.5 S 5.8Hz), 
6.93 (1H, d, J=2.5Hz), 7.22-7.38 (3H, m), 7.56-7.62 (2H, m), 8.35 (1H, d, J=5.8Hz) 



Example 9 



N-[1-(4-methoxy-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hvdroxv-2-phenylacetamide 



[0118] 



Structura I f ormu la 
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Example 10 

N-f1-(6-chloro-2-pyridylmethyl)piperidi^^ 
[0120] 

Structural formula 




[0121] Using 19 mg of 6-chloro-2-pyridinemethanol as a starting material in a method similar to Example 6, 14 mg 
of the title compound was obtained as a white solid. 
FAB-MS (m/e : (C 24 H 30 CIN3<VH) + ): 428 

tH-NMFKCDCy 8: 1.12-1 .75 (10H, m), 1 .75-1.91 (2H : m), 2.14-2.30 (2H, m), 2.67-2.80 (2H, m), 2.94-3.10 (1H, 
m), 3.09 (1H, s), 3.60 (2H, s), 3.64*3.80 (1H P m) ( 6.33 (1H, d, J=8.2Hz), 7.19 (1H : d, J=7.8Hz), 7.22-7.40 (4H, m) : 
7.56-7.64 (3H, m) 

Example 11 

N-(1-(4-chloro-2-pyridylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 
[0122] 

Structura I formula 




[0123] Using 20 mg of 4-chloro-2-pyridinecarba!dehyde as the starting material in a method similar to Step (3) of 
Example 2, 23 mg of the title compound was obtained as a white solid. 
FAB-MS (m/e, (C 24 H3oCIN 3 <VH) +): 428 

'H-NMFKCDCy 8: 1.10-1 .76 (10H, m), 1 .76-1 .91 (2H, m) t 2.14-2.28 (2H, m), 2.65-2.82 (2H, m), 2.96-3.12 (2H, 
m), 3.60 (2H, s), 3.65-3.80 (1H, m), 6.33 (1H, d, J=8.5Hz), 7.17 (1H, dd, J=2.1 , 5.3Hz), 7.22-7.38 (3H, m), 7.43 (1H, 
d f J=2.1Hz) ; 7.56-7.64 (2H S m), 8.43 (1H, d : J=5.3Hz) 



21 



EP 0 863 141 B1 

Example 12 

N^1-(2-quinoly[methv()piperl^ 
[0124] 



Structura I formula 




[0125] Using 1 9 mg of 2-quinolinecarbaldehyde as the starting material in a method similar to Step (3) of Example 
2, 37 mg of the title compound was obtained as a white solid. 
FAB-MS (m/e, (C 28 H33N 3 0 2 -i-H)+): 444 

^-NMRJCDCy 8: 1.13-1.30 (1H, m), 1 .48-1.75 (9H, m), 1.77-1.90 (2H, m), 2.20-2.32 (2H, m), 2.70-2.82 (2H, 
m) F 2.95-3.09 (1H, m), 3.13 (1H, s) , 3.66-3.82 (3H P m), 6.33 (1H, d, J-8.0Hz), 7.22-7.38 (3H, m), 7.51 (1H t dd, J=1.1. 
8.1Hz), 7.56-7.62 (3H, m), 7.69 (1H, dd, J= 1.1, 8.1Hz), 7.79 (1H, d, J=8.1Hz), 8.06 (1H, d, J= 8.1Hz), 8.11 (1H, d f 
J=8.1Hz) 

Example 13 

N-[1-(5-methyl-2-fuiylm6thyl)piperidin^^ 
[0128] 



Structura I formula 




[0127] Using 11 mg of 5-methyl-2-furancarbaldehyde as the starting material in a method similar to Step (3) of Ex- 
ample 2 : 18 mg of the title compound was obtained as a white solid. 
FAB-MS (m/e, (C^H^NgCVH)*): 397 

1H-NMR(CDCI 3 ) 6: 1.12-1.75 (12H, m), 2.02-2.16 (2H, m), 2.26 (3H, s), 2.70-2.82 (2H S m), 2.94-3.08 (1H, m) s 
3.11 (1 H, s), 3.43 (2H, s), 3.60-3.75 (1 H, m), 5.85-5.90 (1 H, m), 6.04 (1 H, d, J=3.0Hz), 6.28 (1 H, d : J=8.3Hz), 7.22-7.38 
(3H, m) t 7.55-7.62 (2H, 13m) 

Industrial applicability 

[0128] The substituted heteroaromatic ring derivatives of the present invention exhibit selective M 3 muscarinic re- 
ceptor antagonism. Rence, they are useful as therapeutic or prophylactic agents which are safe and efficacious with 
little side effects, for respiratory diseases such as asthma, chronic airway obstruction and pulmonary fibrosis, etc.; 
urinary diseases which induce such urination disorders as pollakiurea, urgency and urinary incontinence; and gastroin- 
testinal diseases such as irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis. 
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Claims 



Claim* for the following Contracting States : AT, DK, Fl, GR, IE, LU, NIC, PT 



1 . Substituted heteroaromatic ring derivatives which are represented by a general formula [I] below: 




C-X-^^NCHaR 4 [i] 



[in the formula, R 1 and R 2 may be same or different and each signifies hydrogen, halogen orC.,-C 6 alkyl; R 3 
signifies C 3 -C 6 cycloalkyl or cycloalkenyl; R 4, signifies a heteroaromatic ring group which may be condensed with 
a benzene ring and which has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur 
atoms (said heteroaromatic ring group being optionally substituted with C r C 6 alkyl, halogen, C r C 6 alkoxy ( amino 
or hydroxymethyl); and X stands for 0 or NH] 
or their pharmaceutical^ acceptable salts. 

2. Compounds as described in Claim 1 t in which R 1 and R 2 are hydrogen; R 3 is C 3 -C 6 cycloalkyl; and X is NH: or 
their pharmaceutical^ acceptable salts. 

3. Compounds as described in Claim 1 , in which R 1 and R 2 are hydrogen; R 3 is C 3 -C 6 cycloalkyl; R 4 is pyridyl group 
which is optionally substituted with a C r C 6 alkyl, halogen, C r C 8 alkoxy : amino or hydroxymethyl; and X is NH: 
or their pharmaceutical^ acceptable salts. 

4. Compounds as described in Claim 1, in which R 1 and R 2 are hydrogen; R 3 is C 3 -C 6 cycloalkyl, R 4 is a group 
represented by a general formula [II] below: 



[in the formula, R a signifies C V C S alkyl, halogen, C r C 6 alkoxy or amino] 
and X Is NH: or their pharmaceutically acceptable salts. 

5. A therapeutic or prophylactic agent for diseases of the respiratory urinary and gastrointestinal systems, which 
contains a substituted heteroaromatic ring derivative as described in any of Claims 1 to 4 or a pharmaceutically 
acceptable salt thereof as an active Ingredient. 

6. A therapeutic or prophylactic agent for asthma, chronic airway obstruction, pulmonary fibrosis, urination disorders, 
Irritable bowel syndromes, spasm of gastrointestinal tract and gastrointestinal hyperkinesls, which contains a sub- 
stituted heteroaromatic ring derivative as described in any of Claims 1 to 4 or a pharmaceutically acceptable salt 
thereof as an active Ingredient. 

7. A process for preparing the compounds as described in Claim 1 , which are represented by a general formula [I] 
below 




[in 
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R 2 




[in the formula, R\ R 2 t R 3 , R 4 and X are as defined below], 
said process comprising reacting a carboxylic acid of a general formula [III] below 

R 2 

p i o-4-cooH [n] 

R 3 

[in the formula : R 1 and R 2 may be same or different and each signifies hydrogen, halogen or C,-C 6 alkyl; R 3 
signifies C 3 -C 6 cycloalkyl orcycloalkenyl; and P 1 signifies hydrogen or a protective group of hydroxyl] 
or its reactive derivative, with a compound of a general formula [IV], 



HX-{ YlCKfeR 40 m 



[in which R 40 signifies a heteroaromatic ring group which may be condensed with a benzene ring and which 
has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic 
ring group being optionally substituted with Cj-Cg alkyl. C.,-C 6 alkoxy, amino, protected amino., hydroxymethyl, 
protected hydroxymethyl, C 2 -C 7 alkoxycarbonyl or aralkyloxycarbonyl); and X stands for 0 or NH] 
or a salt thereof, and if necessary effecting deprotection and/or reduction of the C 2 -C 7 alkoxycarbonyl or aralky- 
loxycarbonyl group to hydroxymethyl or conversion to amino. 

A process for preparing the compounds represented by the general formula [I] as described in Claim 1, which 
comprises reacting a compound of a general formula [111] below, 



R 2 




[In the formula R 1 and R 2 may be same or different and each signifies hydrogen, halogen or CyC$ alkyl; R 3 
signifies C 3 -C 6 cycloalkyl orcycloalkenyl; and P 1 signifies hydrogen or a protective group of hydroxyl] 
or its reactive derivative, with a compound of a general formula [V], 
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HX 




NP 



[V] 



[in which X stands for 0 or NH; and P signifies a protective group of imino] 
or a salt thereof to form a compound of a general formula [VI], 



R 2 



P 1 O 




NP [VI] 



[in which R 1 , R 2 , R 3 , X, P and P 1 have the previously given significations]; 
removing the protective group of imino group in said compound and either alkylating the compound, in the presence 
of a base, with a compound of a general formula [VII] 



[in which R 40 signifies a heteroaromatic ring group which may be condensed with a benzene ring and which 
has 1 or 2 hetero atoms selected from a group consisting of nitrogen , oxygen and sulfur atoms (said heteroaromatic 
ring group being optionally substituted with C r C 6 alkyl, CyC$ alkoxy s amino, protected amino, hydroxym ethyl, 
protected hydroxy methyl, C 2 -C 7 alkoxycarbonyl or aralkyloxycarbonyl); and L signifies a leaving group] 
or reductively alkylating the compound using a compound of a general formula [IX], 



[in which R 40 has the previously given signification] 
and if necessary effecting deprotection and/or reduction of the C2-C7 alkoxycarbonyl or aralkyloxycarbonyl to hy- 
droxymethyl or conversion to amino. 



Claims for the following Contracting States : BE, CH/LI, DE, ES, FR, GB, IT, NL, SE 

1. Substituted heteroaromatic ring derivatives which are represented by a general formula [I] below: 




[VII] 



[IX] 



R 2 




[in the formula, R 1 and R 2 are hydrogen; R 3 signifies C 3 -C 6 cycloalkyl; R 4 signifies a 
group represented by a general formula [II] below: 
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[in the formula, R a signifies C r C s alkyl, halogen, C r C B alkoxy or amino] 
and X stands for NH] or their pharmaceutical^ acceptable salts. 

A therapeutic or prophylactic agent for diseases of the respiratory, urinary and gastrointestinal systems, which 
contains a substituted heteroaromatlc ring derivative as described in Claim 1 or a pharmaceutical^ acceptable 
salt thereof as an active ingredient. 

A therapeutic or prophylactic agent tor asthma, chronic airway obstruction, pulmonary fibrosis, urination disorders, 
irritable bowel syndromes, spasm of gastrointestinal tract and gastrointestinal hyperkinesis, which contains a sub- 
stituted heteroaromatic ring derivative as described in Claim 1 or a pharmaceutical^ acceptable salt thereof as an 
active ingredient. 

A process for preparing the compounds as described in Claim 1 . which are represented by a general formula [I] 
below 



R 2 




[in the formula, R 1 , R 2 , R 3 , R 4 and X are as defined below], 
said process comprising reacting a carboxylic acid of a general formula [111] below 



R 2 




[in the formula, R 1 and R 2 are hydrogen; R 3 signifies C 3 -C 6 cycloalkyl; and P 1 signifies hydrogen or a pro- 
tective group of hydroxyl] 

or its reactive derivative, with a compound of a general formula [IV], 




[in which R 40 signifies a group represented by a general formula [IT] below: 
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fin the formula, R a P signifies C r C 6 alkyl, halogen, C r C 6 alkoxy, amino, protected amino, lower alkoxycarb- 
onyl or aralkyloxycarbonyl]; and X stands for NH] 

or a salt thereof, and If necessary effecting deprotectlon and/or conversion of the C 2 -C 7 alkoxycarbonyl or aralky- 
loxycarbonyl group to amino. 

A process for preparing the compounds represented by the general formula [I] as described in Claim 1, which 
comprises reacting a compound of a general formula [III] below, 




[in the formula R 1 and R 2 are hydrogen; R 3 signifies C 3 -C 6 cycloalkyl; and P 1 signifies hydrogen or a protective 
group of hydroxy I] 

or its reactive derivative, with a compound of a general formula [V], 



HX-^NP Cv] 



[in which X stands for NH; and P signifies a protective group of imlno] 
or a salt thereof to form a compound of a general formula [VI]; 



R 2 




[in which R 1 , R 2 , R 3 , X, P and P 1 have the previously given significations]; 
removing the protective group of imlno group in said compound and either alkylating the compound, in the presence 
of a base, with a compound of a general formula [VII] 

R 40 CH 2 L [VII] 

[in which R 40 signifies a group represented by a general formula [IT] below: 
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[in the formula, R a P signifies C r C 6 alkyL halogen, C r C 6 alkoxy; amino ; protected amino, lower alkoxycar- 
bonyl or aralkyloxycarbonyl]; and L signifies a leaving group] 
or reductively alkylating the compound using a compound of a general formula [IX], 

R 40 CHO [IX] 

[In which R 40 has the previously given signification] 
and if necessary effecting deprotection and/or conversion of the Cg-Cy alkoxycarbonyl or aralkyloxycarbonyl to 
amino. 



Patents nsprttche 

PatentanspruchefGr folgende Vertragsstaaten : AT, DK, Fl, GR, IE, LU, MC, PT 

1. Substituierte heteroaromatische Rlngderivate, dargestellt durch die folgende allgemeine Formel [I]: 



R 2 




[wobei in der Formel R 1 und R 2 g!eich Oder untersch led lich sein konnen und je Wasserstoff, Halogen Oder 
C r C 6 -Alkyl bedeuten; R 3 C 3 -C 6 -Cycloalkyl oder Cycloalkenyl bedeutet; R 4 eine heteroaromatische Ringgruppe, 
die mit einem Benzolring kondensiert sein kann und die 1 oder 2 Heteroatome, ausgewahlt aus der Gruppe be- 
stehend aus Stickstoff-, Sauerstoff- und Schwefelatomen, enthalt (wobei die heteroaromatische Ringgruppe ge- 
gebenenfalls substituiert ist durch C r C 6 -Alkyl, Halogen, C r C 6 -Alkoxy, Amino oder Hydroxym ethyl) bedeutet; und 
X fur 0 oder NH steht] 

oder ihre pharmazeutisch annehmbaren Salze. 

2. Verbindungen nach Anspruch 1, worin R 1 und R 2 Wasserstoff bedeuten; R 3 C 3 -C 6 -Cycloalkyl bedeutet: X NH 
bedeutet; oder ihre pharmazeutisch annehmbaren Salze. 

3. Verbindungen nach Anspruch 1 r worin R 1 und R 2 Wasserstoff bedeuten; R 3 C 3 -C 6 -Cycloalkyl bedeutet; R 4 eine 
Pyridylgruppe, die gegebenenfalls durch C r C s -Alkyl, Halogen, C r C 6 -Alkoxy, Amino oder Hydroxymethy I substi- 
tuiert ist, bedeutet; und X NH bedeutet; oder ihre pharmazeutisch annehmbaren Salze. 

4. Verbindungen nach Anspruch 1 , worin R 1 und R 2 Wasserstoff bedeuten; R 3 C 3 -C 6 -Cycloalkyl bedeutet; R 4 eine 
Gruppe bedeutet, dargestellt durch die folgende allgemeine Formel [II]: 
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[wobei in der Formel R a C r C 6 -AHcyl, Halogen, C r C 6 -Alkoxy Oder Amino bedeutet] 
und X NH bedeutet; oder ihre pharmazeutisch annehmbaren Salze. 

Therapeutisches oder prophylaktisches Mittel fur Krankheiten der Atmungs-, Harnwegs- und gastrointestinalen 
Systeme, enthaltend ein substituiertes heteroaromatisches Ringderviat : wio in einem der Anspruche 1 bis 4 be- 
schrieben, oder ein pharmazeutisch annehmbares Salz davon ais aktiven Bestandteil. 

Therapeutisches Oder prophylaktisches Mittel fur Asthma, chronlsche Atemwegsobstruktion : Lungenfibrose : Mik- 
tionsstorungen, reizbares Bowel-Syndrom, Spasmen des gastrointestinalen Traktes und gastrointestinal Hyper- 
kinese, enthaltend ein substituiertes heteroaromatisches Ringderivat, wie in einem der Anspruche 1 bis 4 beschrle- 
ben; oder ein pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

Verfahren zur Herstellung der Verbindungen nach Anspruch 1 , dargestelit durch die tolgende allgemeine Formel [I] 



R 3 




[in der Formel besltzen R 1 s R 2 , R 3 , R 4 und X die oben gegebenen Detinitionen] 
wobei das Verfahren umfasst die Umsetzung einer Carbonsaure der allgemeinen folgenden Formel [III] 




[in der Formel bedeuten R 1 und R 2 , die gleich oder unterschiedlich sein konnen, jeweils Wasserstoff . Halogen 
oder C r C 6 -Alkyl; R 3 bedeutet C 3 -C 6 -Cycloalkyl oder Cycloalkenyl; P 1 bedeutet Wasserstoff oder eine Schutz- 
gruppe fur Hydroxyl] 

oder eines reaktiven Derivats davon, mit einer Verbindung der allgemeinen Formel [IV], 



[worin R^eine heteroaromatische Ringgruppe bedeutet, die mit einem Benzolring kondensiert sein kann, 
und die 1 oder 2 Heteroatome, ausgewahll aus der Gruppe bestehend aus Stickstoff-, Sauerstoff- und Schwefel- 
atomen, enthalt, (wobei die heteroaromatische Ringgruppe gegebenenfalls substituiert ist durch Cj-Cg-Alkyl, C r 
C 6 -Alkoxy, Amino, geschutztes Hydroxym ethyl, Cg-Cy-Alkoxycarbonyl oder Aralkyloxycarbonyl) bedeutet; und X 
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fur O Oder NH steht] 

oder einem Salz davon : und : sofern erforderlich, Schutzgruppenabspaltung und/oder Reduktion der C 2 -C 7 -Alk- 
oxycarbonyl- oder Aralkyloxycarbonylgruppe zu Hydroxymethyl oder eine Umwandlung in Amino. 

Verfahren zur Herstellung der Verbindungen, dargestellt durch die allgemeine Formel [I], wie in Anspruch 1 be- 
schrieben, umfassend die Umsetzung der Verbindung der folgenden allgemeinen Formel [lll] r 



R 2 




[wobei in der Formel R 1 und R 2 gleich oder unterschiedlich sein konnen und jeweils Wasserstoff, Halogen 
oder C r C 6 -A!kyl bedeuten; R 3 C 3 -C 6 -Cycloalkyl oder Cycloalkenyl bedeutet; P 1 Wasserstoff oder eine Schutz- 
gruppe von Hydroxyl bedeutet] 

oder einem reaktiven Derivat davon, mit einer Verbindung der allgemeinen Formel [V], 




[worin X fur 0 oder NH steht; und P eine Schutzgruppe von Imino bedeutet] 
oder einem Salz davon, unter Bildung einer Verbindung der allgemeinen Formel 



R 2 




[worin R 1 , R 2 5 R 3 , X, P und P 1 die zuvor gegebenen Deflnitlonen besitzen]; 
Entfernen der Schutzgruppe der Iminogruppe in der Verbindung und entweder Alkylierung der Verbindung in An- 
wesenheit einer Base mit einer Verbindung der allgemeinen Formel [VII] 

R^CHgL [VII] 

[worin R 40 eine heteroaromatische Ringgruppe bedeutet, die mit einem Benzolring kondensiert sein kann, 
und die 1 oder 2 Heteroatome, ausgewahft aus der Gruppe bestehend aus Stickstoff-. Sauerstoff- und Schwefel- 
atomen, enthalt (wobei die heteroaromatische Ringgruppe gegebenenfalls durch C r C 6 -Alkyl, C r C 6 -Alkoxy, Ami- 
no, geschutztes Amino, Hydroxymethyl, geschutztes Hydroxymethyl, C 2 -C 7 -Alkoxycarbonyl oder Aralkyloxycar- 
bonyl substituiert ist); und Leine Austrittsgruppe bedeutet] 

oder reduktive Alkylierung der Verbindung unter Verwendung einer Verbindung der allgemeinen Formel [IX], 

R^CHO [IX] 
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[worin R 40 die zuvor gegebene Definition besitzt], und, sofern erforderllch, Schutzgruppenabspaltung und/ 
Oder Reduktion von C 7 -Alkoxycarbonyl oder Araikyloxycarbonyl zu Hydroxymethyl oder Umwandlung in Amino. 



Patents nspruche fur folgende Vertragsstaaten : BE, CH/LI, DE, ES, FR, GB, IT, NL, SE 

1. Substituierte heteroaromatische Ringderivate, dargestellt durch die folgende allgemeine Formel [I] : 



R 2 




[in der Formel bedeuten R 1 und R 2 Wasserstoff; R 3 bedeutet C 3 -C 6 -Cycloalkyl; R 4 bedeutet eine Gruppe, 
dargestellt durch die folgende allgemeine Formel [II] : 




[wobel in der Formel R a C r C 6 -Alkyl, Halogen, C r C 6 -Alkoxy oder Amino bedeutet und X NH bedeutet] 
oder ihre pharmazeutisch annehmbaren Salze. 

2. Therapeutisches oder prophylaktisches Mittel fiir Krankheiten der Atmungs-, Harnwegs- und gastrointestinalen 
Systeme, enthaltend eln substituiertes heteroaromatisches Rlngderviat, wie in Anspruch 1 beschrieben, oder ein 
pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

3. Therapeutisches oder prophylaktisches Mittel fur Asthma, chronische Atemwegsobstruktion, Lungenfibrose, Mik- 
tionsstorungen, reizbares Bowel-Syndrom, Spasmen des gastrointestinalen Traktes und gastrointestinale Hyper- 
kinese, enthaltend ein substituiertes heteroaromatisches Ringderivat, wie in Anspruch 1 beschrieben; oder ein 
pharmazeutisch annehmbares Salz davon als aktiven Bestandteil. 

4. Verfahren zur Herstellung der Verbindungen nach Anspruch 1 , dargestellt durch die folgende allgemeine Formel [I] 




[in der Formel besitzen R 2 , R 3 , R 4 und X die oben gegebenen Definitionen] 
wobei das Verfahren umfasst die Umsetzung einer Carbonsaure der allgemeinen folgenden Formel [III] 
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R 2 




[in der Formel bedeuten R 1 und R 2 Wasserstoff ; R 3 bedeutet C 3 -C 6 -Cycloalkyl; und P 1 bedeutet Wasserstoff 
Oder eine Schutzgruppe fur Hydroxyl] 

Oder eines reaktiven Derivats davon, mit einer Verbindung der allgemeinen Formel [IV], 



hx-^V^R 40 [IV] 



[worin R 40 eine Gruppe, dargestellt durch die folgende allgemelne Formel [II'] bedeutet, 




[in der Formel bedeutet RaP C r C 6 -Alkyl : Halogen, C r C 6 -Alkoxy, Amino s geschiitztes Amino, niedriges Alk- 
oxycarbonyl oder Aralkyloxycarbonyl]; und X stent fOr NH]; 

oder einem Salz davon ; und, falls erforderlich, Schutzgruppenabspaltung und/oder Umwandlung der C 2 -C 7 -Alk- 
oxycarbonyl- oder Aralkyloxycarbonylgruppe zu Amino. 

Verfahren zur Herstellung der Verbindungen, dargestellt durch die allgemelne Formel [I], wle In Anspruch 1 be- 
schrleben, durch Umsetzung einer Verbindung derfolgenden allgemeinen Formel [III], 



R 2 




[wobei in der Formel R 1 und R 2 Wasserstoff bedeuten; R 3 C 3 -C 6 -Cycloalkyl bedeutet; und P 1 Wasserstoff 
oder eine Schutzgruppe fur Hydroxyl bedeutet] 

oder ihres reaktiven Derivats, mit einer Verbindung der allgemeinen Formel [V], 
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[worin X fur NH steht; und P eine Schutzgruppe von Imino bedeutet] 
oder einem Salz davorv unter Bildung einer Verbindung der allgemeinen Formel [VI] 




[worin R 1 , R 2 , R 3 r X, P und P 1 die zuvor gegebenen Bedeutungen besitzen] ; 
Entfernung der Schutzgruppe der Aminogruppe in der Verbindung und entweder Alkylierung der Verbindung in 
Anwesenheit einer Base mit einer Verbindung der allgemeinen Formel [VII] 

R*°CH 2 L [VII] 

[worin R 40 eine Gruppe, dargestellt durch folgende allgemeine Formel [111 bedeutet, 




cm 



[in der Formel bedeutet R a P C^Ce-Alkyl, Halogen, C 1 -C 6 -Alkoxy, Amino, geschutztes Amino, niedriges Alk- 
oxycarbonyl oder Aralkyloxycarbonyl]; und L bedeutet eine Austrittsgruppe] 

oder reduktive Alkylierung der Verbindung unter Verwendung einer Verbindung der allgemeinen Formel [IX], 

R 40 CH 2 O [IX] 

[worin R 40 die zuvor gegebene Bedeutung besitzt] und, sofem erforderlich, Durchfuhrung der Schutzgrup- 
penabspaltung und/oder Umwandlung von Cg-Cy-Alkoxycarbonyl oder Aralkyloxycarbonyl zu Amino. 

Revendications 



Revendicatlons pour les Etats contractants suivants : AT, DK, Fl, QR, IE, LU, MC, PT 

1 . Derives heterocycliques aromatiques substitues qui sont represents par la formule generate [I] ci-dessous : 
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[dans cette formule : R 1 et R 2 peuvent etre identiques ou differents et chacun represents l'hydrogene : un 
halogene ou un groupe alkyle inferieur ; R 3 represente un groupe cycloalkyle ou cycloalcenyle en C 3 -C 6 ; R 4 re- 
presente un groupe heterocyclique aromatique qui peut etre condense avec un noyau benzenique et qui contient 
1 ou 2 heteroatomes choisis dans la classe formee par les atomes d'azote : d'oxygene et de soufre (ledit groupe 
heterocyclique aromatique etant tacultativement substitue par un halogene ou un groupe alkyle en C r C 6! alcoxy 
en C r C 6> amino ou hydroxymethyle) ; et X represente O ou NH] : 
ou leurs sels pharmaceutiquement acceptables. 

Composes selon la revendication 1 , dans lesquels R 1 et R 2 sont de I'hydrogene ; R 3 est un groupe cycloalkyle en 
^3"C 6 ; et X est NH ; ou leurs sels pharmaceutiquement acceptables. 

Composes selon la revendication 1 . dans lesquels R 1 et R 2 sont de I'hydrogene ; R 3 est un groupe cycloalkyle en 
C 3 -C 8 ; R 4 est un groupe pyridyle qui est facultativement substitue par un halogene ou un groupe alkyle en C r 
C 6: alcoxy en C r C 6: amino ou hydroxymethyle ; et X est NH ; ou leurs sels pharmaceutiquement acceptables. 

Composes selon la revendication 1 , dans lesquels R 1 et R 2 sont de I'hydrogene ; R 3 est un groupe cycloalkyle en 
C 3"C 6 ; R 4 est un groupe represente par la formule generale [II] ci-dessous : 




[dans cette formule, R a represente un halogene ou un groupe alkyle en C r C 6 , alcoxy en C r C 6 ou amino] 
et X est NH ; ou leurs sels pharmaceutiquement acceptables. 

Agent therapeutique ou prophylactlque pour des maladies des systemes respfratoire, urinalre et gastro-lntestlnaL 
qui contient un derive heterocyclique aromatique substitue selon Tune quelconque des revendications 1 a 4 ou un 
de ses sels pharmaceutiquement acceptables comme ingredient actif. 

Agent therapeutique ou prophylactique pour I'asthme, I'obstruction chronique des voies aeriennes, la fibrose pul- 
monale, des troubles de la miction, le syndrome du cdlon Irritable, le spasme du tractus gastro- Intestinal et I'hy- 
perkinesie gastro-intestinale, qui contient un derive heterocyclique aromatique substitue selon I'une quelconque 
des revendications 1 a 4 ou un de ses sels pharmaceutiquement acceptables comme Ingredient actif. 

Procede pour preparer les composes selon la revendication 1 , qui sont represents par la formule generate [I] ci- 
dessous 



R 2 




[dans cette formule, R 1 , R 2 R 3 , R 4 et X sonttels que definis ci-dessous], 
ledit procede consistant a faire reagir un acide carboxylique de formuit? yenerale [III] ci-dessous 
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R 2 ' 




[dans cetle formule, R 1 et R 2 peuvent etre identiques ou differents et chacun represente I'hydrogene, un 
halogene ou un groups alkyle en C^C S : R 3 represent9 un groups cycloalkyle ou cycloalcenyle en C 3 -C 6 ; et P 1 
repressnte I'hydrogenG ou un groups protectour d'hydroxyle] 
ou un derive reactif de celui-ci, avec un compose de formule generale [IV] 




[dans laquelle R A0 represente un groupe heterocyclique aromatique qui peut etre condense avec un noyau 
benzenique et qui contient 1 ou 2 heteroatomes choisis dans la classe formee par les atomes d'azote, doxygene 
et de soufre (ledit groupe heterocyclique aromatique etant facultativement substitU9 par un groupe alkyle en C t - 
C s , alcoxy en C r C 6 , amino, amino proteg9, hydroxymethyle, hydroxymethyle protege, alcoxycarbonyle en C 2 -C 7 
ou aralkyloxycarbonyle) ; et X represente O ou NH] 

ou un sel de celui-ci, et. si necessaire, a ettectuer une elimination de protection et/ou une reduction du groupe 
alcoxycarbonyle en C 2 -C 7 ou aralkyloxycarbonyle en un groupe hydroxymethyle, ou une conversion en groupe 
amino. 

ProcSde pour preparer les composes representes par laformule generale [I] selon la revendication 1 , qui consiste 
a faire reagir un compose de formule generale [III] cl-d9SS0US 



p 2 




[dans cette formule, R 1 et R 2 peuvent etre Identiques ou differents et rep resentent chacun I'hydrogene, un 
halogene ou un groupe alkyle en C r C 8 ; R 3 represente un groupe cycloalkyle ou cycloalcenyle en C 3 -C 6 ; et P 1 
represente I'hydrogene ou un groupe protecteur d'hydroxyle] 
ou un derive reactif de celui-ci, avec un compose de formule generale [V] 



"KD"' [v] 



[dans laquelle X represente O ou NH ; et P represente un groupe protecteur d'imine] 
ou un sel de celui-ci, pour former un compose de formule generale (VI] 
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R 2 



P 1 O 




NP 



[VI] 



[dans laquelle R 1 ; R 2 , R 3 ; X : P et P 1 sont tels que definis precedemment] ; 
a eliminer le groupe protecteur de groupe imino contenu dans ledit compose, et, soit a alkyler le compose, en 
presence d'une base, avec un compose de formule generale [VII] 



[dans laquelle R 40 represente un groupe heterocyclique aromatique qui peut etre condense avec un noyau 
benzenique et qui contient 1 ou 2 heteroatomes choisis dans la classe formee par les atomes dazote, d'oxygene 
et de soufre (ledit groupe heterocyclique aromatique etant facultativement substitue par un groupe alkyle en C r 
C S! alcoxy en C 1 -C 6s amino, amino protege\ hydroxymethyle, hydroxymethyle protege, alcoxycarbonyle en C 2 -C 7 
ou aralkyloxycarbonyle) ; et L represente un groupe partant], 

soit a alkyler par voie reductrice le compose en utilisant un compose de formule generale [IX] 



[dans laquelle R 40 esttel que defini precedemment] et : si necessaire, aeffectuer une elimination de protection 
et/ou une reduction du groupe alcoxycarbonyle en Cg-C? ou aralkyloxycarbonyle en un groupe hydroxymethyle 
ou une conversion en groupe amino. 




[VII] 



[IX] 
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